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Dependability 


every C2DHot Top A specialized engineering know-how customizes 
every C & D Hot Top to its job. C & D service 


is engineered follows through in your plant to give the maxi- 
specifically to its job mum in sound killed steel—ingots uniform in 
quality— deliveries as required. In short — 
DEPENDABILITY — every time — since 1929. 


1400 HANNA BUILDING 
CLEVELAND 15, OHIO 


ENGINEERING 
SEPROM, 72 Avenue Jean Jaures (Suresnes), Paris Excitusive Licensee for France, Beigium and Luxembourg © London & 
Scandinavian Metatiurgical Co, Ltda 19 Wimbiedon Hill Road, London S.W.19--Exciusive Licensee for Great Gritain Geselischaft 


fur Blektrometatiurgie, M. . Grafenberger Allee 56, Ousseidorf 22-A, West Germany Exciusive Licensee for West Germany 
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How the scientific world 


Shares in fruits of the telephone art 
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...the authors 


Most of the books written by Labora 
are published by D. Van 
Nostrand Company. Other publishers 
include John Wiley & Sons and 
MeGraw-Hill 


speech and he ring 


tories author 


Subjects include 
mathe matics, 
transmission and switching circuits 
networks and wave filters quality 
control tran ducers servomes ha 
nisms, quartz¢ rystal: capacitors visible 
speech, earth conduction, radar, elec 
tron beam: microwaves waveguide s 
antennas, traveling-wave tubes, 


semiconductors, ferromagnetism 


John R. Pierce, 
Califorma Inst. of Tech 
author of “Traveling 
Wave Tubes.” 


Harold S. Black, 8 S 
in E.£., Worcester 
Polytechnic Inst 
author of ‘Modulation 
Theory 


Richard M. Bozorth, W. Thornton Read, 
Ph_D., California Inst M.S., Brown University 
of Tech., author of 


“Ferromagnetism 


author of ‘Dislocations 
in Crystals.” 


Hendrik W. Bode, 


Walter A. Shewhart, 
Ph_D., University of 


California, author of 


PERSONNEL 


T HE following employment items are made 
available to AIME members on a non 
profit basis by the Engineering Societies Per 
sonnel Service, Inc. (Agency) operating in 
cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
8 W. 40th St, New York 18; 100 Farnsworth 
Ave., Detroit; 57 Post St., San Francisco; 84 
E. Randolph St., Chicago 1. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
in stamps for forwarding and returning appli 
cation. The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 a 
year 


———MEN AVAILABLE — 


Managerial or Executive, in ex 
tractive metallurgical industry; min 
ing and metallurgical degree 46 
Twenty years experience in manage 
rial, executive, and technical fun 
tions in the field of the extractive 
metallurgy of nonferrous metal 
such a melter manager (500 em 
ployes), assistant to president, and 
department superintendent. Willing 
to consider position anywhere. M-159 


Ceramic Engineer, Ph.D, 33. Ten 
years experience in abrasive re 
fractories and electrical ceramu 


Prefer East or Midwest. M-160 
—_—POSITIONS OPEN———— 


Development Metallurgists, grad 
uate for technical development of 
ferroalloys, master alloys, and spe 
cial metals which are used in the 
production of: 1) carbon steels and 
low alloy steels (open hearth and 
electric); 2) stainle tee] tool 
teels, and high temperature alloy 
3) cast iron, ductile iron, and malle 
able iron; 4) aluminum alloys, cop 
per alloy titanium metal and 
other nonferrous fields. Should have 
five or more years practical exper! 
ence in production, processing, and 
metallurgical development hould 
have ability to carry out constructive 
field assignments in pilot and pro 
duction operation Salaries, open 
Location, Midwest. W4716 


Metallurgists, 27 to 45. a) Material 
and Proce Metallurgist four; 1) 
Appl cation Engineer B.S. in metal 
lurgical engineering, with experience 
in pressure vessel fabrication and 
ASME code interpretation, to be re 

ponsible for materials and processes 
applicable to marine nuclear powe! 
plant 2) Development Engineer 
B.S. 1 metallurgical engineering 
E.E.. or M.E., for developmental 
work leading to utilization of new 
materials and processes. ¢) Raw Ma 
terials Control Engineer B.S. in 
metallurgical engineering, M.E., for 
raw material inspection and adv 

(Continued on page 618) 


Additional classified advertis 
ing appears on pages 618 and 
619. 


MINING AND SMELTING ENGINEERS. 
t 


hed tin 


METALLURGISTS 
and 
METALLURGICAL 
ENGINEERS 


Opportunities exist for both 
recent graduates and those 
with several years’ experi 
ence in research, develop 
ment, failure analysis, heat 
treating, corrosion testing, 
metallography, welding and 
general applications of met 
illurgy. Fully equipped, 
modern laboratory in South 
ern Ohio. Send reply with 
resume and salary informa 
tion to 


Employment Department XX 
GOODYEAR ATOMIC 
CORPORATION 


P.O. Box 628 
Portsmouth, Ohio 


PROCESS 
METALLURGISTS 


Exce ple nal opportunitte available 
for engineers trained md inter 
ested in Pyrometallurgy, including 
all stages of smelting, melting, and 
refining of high quality carbon, 
alloy and stainles teels Chem 
il Engineering or Metallurgical 
required with a combina 
of both very desirable, plus 
ur Or more years of research ex 
ve rience 
Excellent salary and benefits are 
ivailable with opportunities for 
creative development and profes 
nal advancement in this «¢ xpand 
ing Pittsburgh research laboratory 
a leading manufacturer of 


pecialty steels and alloys 
vend confidential resume and sal 
requirements to 
Mr. A. A. Marquer, Jr 
CRUCIBLE STEEL COMPANY 
OF AMERICA 


O. Box 88 Pittsburgh 30, PA 
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PRODUCTS 


INSTRUMENTATION FOR 
RESEARCH, MATERIALS SPEED UP ELEMENTAL ANALYSIS — 


CONTROL AND PRODUCTION 


X-ray Diffraction Equipment 


with \-ray analytical apparatus which provide « data with ease and 


L-ray Diffroctometers simplicity and ina fraction of the time required by other analyt- 


Kray Spectrographs ical methods. sometimes providing data otherwise unavailable. 
Thickness Plating Gauges 
X-ray Absorption Apparatus 


Kray Crystal Analysis Units IN THE LABORATORY a 


Kray Tubes and Rectifiers 
X-ray analysis can be widely and profitably applied in qualitative 
ray Cameras, Sample 

le F 
Spinners, Pole Figure Devices and quantitative mivestipations relating to product research and 
and Accesories 


Autrometer—24 Channel development. 


automatic Element Analyzer 


Custom Built Equipment 
for Special Applications 


Geiger, Proportional IN THE PLANT —_- 


Scintillation and Flow Type 
Detectors Special process control systems utilizing Neravs for ~peed and 


Electronic Circuits for 

High Speed Detectors 
th Pulse Height Analyzers 

wi uls 9 y brani and or for periods checks of raw materials, materials in 


accuracy, are used for quality control either on a continuous-flow 


Decade Scalers and Ratemeters 
proce ~s or even the finished produet, 


Electronic Timers 
Line Voltage Regulators 


Radio Compass Controls 


WITH THESE NORELCO INSTRUMENTS — 


Electronic Testing Equipment 
Flame Photometers \eray Diffraction Cait. \eray Diflractometer, Speetrograph 


Electron Microscopes 
or the Autrometer will assist on e\teneive of prefixed 


Electron Dilfraction Equipment 
elemental data with amazing and re produ ibility 


Emission Microscopes 
on samples regardless of theme tree or combined state, Send for 


High Voltage Generators 
Contact Microradiographic details or an engineerme surveys without obligation, 
Equipment 

Gas Liquetier 


Industrial ray Equipment 


Industrial Magnetic Particle 
Testing Equipment ELECTRONICS INC. 


Industrial X-ray Fluoroscopes 
Instruments Division 


Industrial Image Intensifiers 


with Closed Circuit Television 


Koad, Leaside, hat 
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This new furnace—acclai 

as the world’s largest open 
hearth, with a rated capacity 
of 600 tons—is the thirteenth 
of 14 furnaces at Weirton 
Steel with Ramset bottoms. 


BASIC BCORPORATED 


845 HANNA BUILDING CLEVELAND 15. OHIO 
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HIGH ALUMINA-FIRE CLAY-SILICA BRICK 


Mortars: Plastics - Castables:Gun Mixes 


MOUNT UNION, PA 


over 100 years 

of si 
experience in ——_ 
refractories 


DOVER OHIO CURWENSVILLE PA ASHLAND KY HAYWARD KY 


ae 


WOMELSDORF PA ST MARYS PA LOCK HAVEN PA LUMBER CITY PA 


NORTH AMERICAN REFRACTORIES COMPANY 
GENERAL orrices CLEVELAND 14, 0n10 


orrices, 


RTH AMERICAN REF 
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Bi CTORIES LTD., 191 Victoria Ave. South, Hamilton, Ontario — 


No Packing Gland 


seal life at high-speed operation 


adjustment is necessary 


Services 


NEW DISTRIBUTOR SEAL 


Designed to last a 
F U L L C A M Pp Al G N NEW BLAST-FURNACE 


Completely Gas-Tight 
No Adjustment Required 


Interlake Ring Seal (Pat. Pend.) 
McKee Patented Grease Labyrinth 


ERE, at last is a distributor seal designed to 
remain absolutely gas tught, without 
adjustment, throughout an entre blast furnace 
campaign of six to seven years of standard six- 
point operation. It will provide greatly extended 


The new Interlake seal design, adapted by McKee 
following development by Interlake Iron Cor- 
poration, employs four Neoprene rings and the 
patented McKee grease labyrinth. The usual 
adjustable packing gland is omitted since no 


The Interlake seal increases production by vir- oluuon per skip dump for standard six-point 
tually eliminating down time for maintenance operation) to & years and 1 month of standard 
It saves replacement costs during operation and six-point Operation 


is easily replaced at the end of a campaign. 


ENGINEERING & 
CONSTRUCTION 


— 


DISTRIBUTOR SEAL 


INTERLAKE 
NEOPRENE 


RING SEAL 
(PATENT PENDING) 


McKEE PATENTED 
GREASE LABYRINTH 


Frankly, we don’t know just how long the new 
seal will last. The first one was installed on a 
high-speed distributor in the Pittsburgh Dis 


trict. After 148 days of continuous Operation 


there was no sign of gas leakage and no appre 


ciable wear was visible. This is equivalent, at a 


ratio of 20 to 1 (5 revolutions per skip dump 


for high-speed service and an average of ly rey 


While this example does not exactly duplicate 


all the conditions of standard Operation through 


out a full campaign, it does give a very promis 


ing indication of what can be expected from 


the new seal 


We will be glad to give you complete informa 


tion on the Interlake Seal. available through 


McKee, together with cost and installation 


estumates 


Arthur G. McKee & Company « Engineers and Contractors 
Headquarters: McKee Building « 2300 Chester Avenue e Cleveland |, Ohio 
Offices: New York,N.Y. « Union, New Jersey «© Washington, D. C 
British Representatives of Metals Division: Head, Wrightson & Co., Limited 
Canada: Arthur G. McKee & Company of Canada, Ltd., 372 Bay St., Toronto 
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Osborne. Ph 


BOO 8 pp., $25.00, 1956.—This is a com 
prehensive reference to the iron and 


teel industry anda those CIOSECLY al 


wophical Library Inc., 


lied to it, providing concise descrip- 


ASTM Standards on Zince-Coated tions of the materials, plant, tool 
fron and Steel Products, American processes and technical terms en 
ty f Testing Materw 134 ployed. Though it cope preclude 
ed under the technical depth evel tre pecialist 
pe tte A.5 of find it useful as a puide to it 
( of I wid teal thy ects bordering on his owr 
p t ndard ter 
Metallurgy and Fuels, ed. by H. M 
‘ Finniston and J. P. Howe, McGraw 
P pi wet H Book Co. Ine 785 pp $21.00 
956 Thi volume number five in 
An Eneyclopedia of the Iron and the Progre in Nuclear Energy Se 
Steel Industry, compiled | \ K ri i collection of papers on the 


CarRe-Hitre 


CARB-RITE is now being used extensively to recar- 
burize both Steel and Iron in the ladle. 


The material for this purpose is sized to suit the par- 
ticular job since the amount of the metal treated has 


a direct bearing on what the size of the material 
should be. 


CARB-RITE as it is used in the metallic mix as a sub- 
stitute for the carbon contained in Pig Iron is sized 


also to suit the size of the heat involved. 


We recommend 4 to 6" material to be used on fur- 


naces of 20 to 50 ton capacity. 


The present price spread between Steel Scrap and 


Pig Iron will definitely afford substantial savings to the 
operator by the use of CARB-RITE. 


1815 Haisted Street Chicago Heights, Illinois 
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MEMBERS, ORDER BOOKS LISTED 
BELOW THROUGH AIME—Address 
irene K. Sharp, Book Department. Ten 
pet discount given whenever possible 


problem of the reactor—the produc- 


tion of erviceable fuel element 

coolant and moderator In addi 
tion to studies of the element sen 

tior on the effect of irradiation 
and solid state phys« are also in- 
cluded 


F BI Register 1957, Kelly's Direc- 
tories Ltd. and Iliffe & Sons Ltd 
1124 pp., approx. $6.00, 1956.—Pub- 
ished for the Federation of British 
Industri the 1957 register 1 a 
comprehensive guide to a cross sec- 
tion of British industries, listing the 
products and services of more than 


7000 member | firn It feature 
French, German, and Spanish glo 
rie alphabetical listings of con 
pani with thei iddre prod 
icts and service a trade association 


ndex. a brand and trade name glo 


ivy, and trademark reproduction 


ASM Review of Metal Literature, 
Vol. 12, ed. by M. R. Hyslop, Amer- 


n Scciety for Meta 7301 Euclid 
Ave, Cleveland, 732 pp., $15.00, 1996 
This is the twelfth annual cor pila 


tion of reference from Metals Re 
ew, grouped on the basis of procs 
property 


The Embrittlement of Metals, by 1B 
R. Queneau The American Society 
for Metals, 7301 Euclid Ave., Cleve 
land, 90 pp., $3.00, 1956.—This is a 
collection of four lecture the first 
of which is a general treatment of 
the subject. Others deal with brittle 
re in carbon alloy, hardened, and 
tainle tee! A bibliography of 
215 references compiled by G. A 
Ratz is included 


Photoconductivity Conference, cd 
by R. G. Breckenridge, B. R. Russell 
and E E Hahn John W ley & Son 
Tne 640 pp $13.50 1956—Thirty 
papers by 45 authoritse on solid 
tate physics discu basic and phen 
enological theory, interpretation 
of photoconduction phenomena and 
the latest data on the properties of 
photoconducting material 


Materials of Engineering, by ©. A 
Keyser, Prentice-Hall Inc 482 pp 
$8.00, 1956—This is a discussion of 
the properties, fabrication, and test- 
ing of ordinary materials used in en 
yineering. It is subdivided into sec 
tions on metallic, non-metallic, and 
organic material Illustrated 


Defects and Failures of Metals, by 
E. P. Polushkin, Elsevier Publishing 
Co., 392 pp., $12.50, 1956 This vol- 
ume is concerned with the failure 
and defects of whole field metals and 
their alloy Their origin, causes 
and elimination are described, and 
wherever applicable the close corre- 
lation between types of failure ts 
indicated. Extensive references ac 
company eat h chapter 


: 

= 


Please Order These Publications 
from the Publishers 


Titanium, Zirconium, 
Other Elements of Growing Indus- 
trial Importance, Project No. 247, 
The Organization for European Eco- 
nomic Cooperation, 2000 P St. NW, 
Washington 6, D. C., 123 pp., $1.50, 
1956.—This booklet records the ob- 
servations of 18 specialists from 
eight European countries on the pro- 
duction and refining of certain met- 
als in the U.S 


Oxidation Resistant Silicon Alumin- 
ium Steels, by E. A. Brandes, Spe- 
cial Report No. 2, Fulmer Research 
Institute Ltd., Stoke Poges, Bucking- 
hamshire, Eng., 40 pp., $1.50, 1956 
These steels, intended for alternative 
application where highly alloyed 
steels are now employed, de- 
cribed with respect to preparation, 
oxidation and corrosion tests, me- 
chanical properties, weldability, and 
practical trials 


are 


Foundry Dust Control and 
British Steel Castings 
Sheffield 10, Eng., 98 


Steel 
Ventilation, 
Research Assn 


pp., $6.00, 1956.—-The technical pa- 
pers published herein, presented at 
a 1955 conference, deal with dust 
control and extraction, exhaust sys- 
tem dust collectors, and foundry 


heating and ventilation 


when you need 
LITERATURE SEARCHES 
TRANSLATIONS 
BOOKS ON LOAN 
PHOTOPRINTS 
MICROFILM 


why not contact... 
The Engineering Societies 
Library 


33 West 39th Street 


New York 18, N. Y. 


Please send me information 
pamphlet on services available, 


how air mail can expedite 
them, and their cost. 
Name 


Street 


City 


and Some 


See what 


the boys in the Lab 


are cooking up...and then— 


® 
SEE FOR 


A LOT MORE OF THE SAME 


Single Stage Simplex 
High Vacuum Pump 


Mechanical Booster 


High Vacuum Pump 


Vacuum Systems 


Vacuum metallurgy . . . from laboratory, 
through pilot piant, to production, finds 
KINNEY ready with the High Vacuum 
Pumps and the “know how” to provide 
advance type equipment to suit your re- 
quirements. 


KINNEY offers the metallurgist new and 
improved tools for research and for pro- 
duction. For laboratory and pilot plant: 
Evaporators, Furnaces, Ovens, Packaged 
Pumping Systems and Packaged Power 
Units. And for the Metals Industry: Com- 
plete High Vacuum Systems for Melting, 
Degassing, Casting, Annealing, Refining 
and Heat Treating. 

For the New Developments in Vacuum 
Metallurgy, look to KINNEY—with the most 
comprehensive line of High Vacuum Pumps 
PLUS the experience and “know how” to 
come up with the answers. 


KINNEY wes. oivision 


THE NEW YORK AIR BRAKE COMPANY 


35620 WASHINGTON STREET - BOSTON 30 - MASS 


Kindly send me catalog No. 425A[} 

Also send further information on your complete Vacuum equip- 

ment(} 


Name__ — 
Company — 
Address 


City___ 


APRIL 1957, JOURNAL OF METALS—54] 


| 

— 
‘wf 
YY, 

/, 

_ 

=f 
verve 

‘a 

r 

2 

; 

WRITE: 

for catalog 425Aand 
ask for full informa- 

tion and new devel- 

| opments in Complete 

Ry 

' 

' + 

State : 

i 


breaking the barriers VACUUM MELTING 


provides these 
with Utica Vacuum Metals properties 


Upersonie hia 


} 


wcome routine, today's challenge lies e High temperature 
fy and me of erach if the rrmal barrier corrosion resistance 


Increased ductilit 
The metals problem ha already been part ally solved by supe ralloys oe Kee 


produced through \ wuun Meltiny Th proce developed 
by Utiea, ha elded such super refri rv alloys as Udimet 500 


Extreme cleanliness 
Precise chemical control 


Longer stress-rupture life 
a clean, pure alloy combining unsurpassed stress-rupture life 


uperior high ten le strength in the to F range. 
(‘Mi has a ter f er 100.000 PST. 


Increased tensile strength 
Better fatigue resistance 
Greater yield strength 


Crreater impact resistance 


In addition ve ce elopment ¢ fnew and superalloys, 


Utica specializ n upgrading the quality of existing alloys. 


Crreater creep properties 


UTICA METALS KELSEY-HAYES 


HAYES co UTICA NEW YORK 
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UTICA DROP FORGE & TOOL DIVISton 


RAMTITE" Checker Chamber Sidewalls, Roofs, and Fantails Today 
Mean Increased Production Tomorrow 


Tap to tap time was decreased about 8 percent 

Fuel consumption was reduced 

And, steel production broke all previous records 
after Ramtite was installed in this 150 ton open 
hearth furnace in an eastern steel mill. Here’s 
why! 

Ramtite, being monolithic, is air-tight, flame 
tight, and gas-tight—reduces air infiltration. Up 
take air temperature is increased approximately 


200°F. This higher pickup temperature means in 
creased production with less fuel 

Ramtite has been installed in several other 
checker chamber roofs and fantails at this mill 
with improved operating conditions in all 

Whatever your furnace requirements, you can 
depend on Ramtite products and Ramtite service 
For further information contact your local Ramtite 
representative or mail the coupon below 


Ramtite is Our Business, Not a Sideline 


DIV. OF THE S. OBERMAYER CO 


This 15 Gnother in a series 


THE RAMTITE CO., Div. of The S$. Obermayer Co. 
1811 South Rockwell St., Chicago 9, Ill 


Company Name 
Attr Mr 
Addrcs 


ity 


| 
! 
| 
| 
| 


ways Ramtits es the steel industry 
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Hard-To-Melt Bronzes Successfully Handled 


AJAX INDUCTION FURNACES 


Brass and bronze foundries all over the country have found AJAX-TAMA-WYATT induction furnaces 
a reliable tool for melting silicon bronzes, aluminum bronzes, leaded bronzes, phosphor bronzes, and 
other high strength alloys. Operation is highly economical due to the good uniformity of the alloys, 
low ratio of rejects, drastic reduction of metal losses, and clean operating conditions. This recent 
development opens the field for the use of AJAX induction furnaces in all foundries where difficult-to- 


melt alloys are handled 


Cross section of AJAX TAMA 

WYATT twin coil imduction tur 

nace such as used at the Tor 

rance Brass Foundry Heat is 
produced within the molten metal 
im the secondary channels and 
conveyed throughout the melt by 
electromagnetic circulation re 

sulting im minimum metal losses 
and high uniformity of alloy 
Temperature is automatically con 

trolled 


Photograph courtesy of Long Beach Press. Telegram, Long Beach, Cal.) 


The furnace pictured here is melting aluminum _ tion of high strength centrifugal castings. This unit is 
bronze at the Torrance Brass Foundry, Torrance, Cal., rated 100 kw. Note also the clean, smokeless operation 
operating at a temperature of 2400 F, for the produc. as shown in the unretouched photograph 


LINE FREQUENCY 
INDUCTION MELTING FURNACES 
AJAX ENGINEERING CORP. 


TRENTON 7, NEW JERSEY 


Associated Componies 
Ajox Electric Company Ajox Electrothermic Corp. 
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Why Graphite-base Refractories? 


BOOKLET 


-.SEND FOR THIS NEW 


Graphites are not new in metal melting uses 
but the perfection of HELSPOT, in plastic and 
brick form, has been accomplished by the Mexico 
Rerractories Company. MEX-R-CO_ products 
are performance-proven in some of the largest steel 
mills and foundries in this hemisphere. 


HELSPOT has proved its ability in higher pur- 
ity of metal. Many letters from steel men and 
foundry operators testify to that fact. No other 
Graphite-base refractory has ever received the ac- 


claim which has been accorded HELSPOT. 


24-PAGE 


HELSPOT in composition is a mixture of high 
grade fire clay, graphite bonded with a unique and 


special ingredient. 


It will pay you dividends in time, money, and 
cleaner metal to investigate and use HELSPOT 


in your operations. 


Send for the new booklet 


tories’. It illustrates many of the recommended 


“Graphite-base Refrac- 


applications in steel mills and foundries. 


MEXICO REFRACTORIES COMPANY 


nies Re BRICK DIV. — Niles, Ohio @ NATIONAL REFRACTORIES ov — — Philadelphia, Po. @ BIG SAVAGE REFRACTORIES DW.— Frostburg, Md. 
 Conadion Affiliote: REFRACTORIES ENGINEERING & SUPPLIES, LTD.— Hamilton, Ontario, Canada 
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These are the nickel alloy steels 
that make Eaton’s 2-speed, 
heavy-duty axles rugged and durable 


4817-34+% Nickel-moly, case hardened 8640-8645 -Nickel-chrome-moly, 


nch nd temper 
King Gears juenched and tempered 


Drive Pinions Clutch Plates 
Modified -Nickel- differential Bearing Adjusters 


chrome-moly, case 
hardened 


pine Gears over 
4s" Ovameter 


94 BI7- Nickel- chrome- 
moly, case nardened 


8620 -8720 Nickel Sliding Clutch Gears 
chrome-moly, ar Idler Pinions 
case hardened Side Gears 

Orive Pinions 
Spiders Side Pinions 
Side PINIONS 
Pinions 
Sliding Clutch Gears 
Ring Gears, /2”to Diameter 


Slip this ad under your blotter as a re- not pay toskimp on materials in parts such 
minder us rear axle drive pinions and ring gears. 

It illustrates how a manufacturer you Use of lower alloyed substitute steels would 
perhap cun take advantage of the ver result) in frequent failures and replace- 
utility and true engineering economy of | ™ents, time lost in the shop, more parts 
nickel alloy steels sent to the serap pile, and more steel and 
alloys eventually consumed. True economy 
and efficiency means specifying the most 
durable and dependable materials for vital 
ruck parts. 

Voral of the story what nickel alloy 
feels do for Raton, theu can do for you. 
The address below is another reminder: 
Ineo will provide all possible assistance in 
Leading manufacturers and users of — selecting the most suitable steels for your 
sper-heavu-duty vehicles know that it does service. 


THE INTERNATIONAL NICKEL COMPANY, INC, 


he picture is a view of an Eaton heavy 
duty, 2 peed truck axle It shows the steels 
Raton Manufacturing Company of Cleve 
land, Ohio, uses to make the many axle types 
rugyed and durable hence economical 

Notice how caretully Baton selected the 
feel Rach just right for the part 


ico 
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Use of Oxygen in Steel Industry Grows 


Since the wartime development of low-cost tonnage oxygen producing 


techniques, a veritable revolution seems to be taking place in the steel 


industry with pure oxygen or oxygen enrichment used in the blast fur 


nace and in steelmaking furnaces. This trend may be more evident in 


the U.K. Last August that country’s first tonnage (100 tpd) oxygen 


plant was inaugurated at the Margam works of the Steel Co. of Wales 


Ltd. At the same mill, British Oxygen Co. Ltd. is now building a second 


plant of 200 tpd capacity. In addition, two 200 tpd and two 100 tpd 


oxygen plants are being built at other British steel mills. Cost of these 


plants is about t 10 per ton of oxygen per yea! 


Increase, LD Oxygen Converter Installations 


Kaiser Steel Corp., as part of its $113 million expansion program, is 


installing two 65-ton oxygen lance converters at Fontana, Calif. In the 


Netherlands at Ijmuiden, the Royal Dutch Blast Furnaces and Stee! 


Works ts to build a 300,000 ton oxygen converter plant which should 


be in operation next year. And in India a 1-million ton steel works is 


being built at Rourkela (Orissa) by German concerns for Hindustan 


Steel Ltd. Plans call for installation of three LD oxygen converters 


© 


to produce 750,000 tons of steel per year 


Kaiser Granted Rights for Open-Hearth, Lance Process 


Kaiser Engineers Div. of Henry J. Kaiser Co. has been granted the 


rights to make, use, sell, and sublicense the oxygen lance for open 


hearth steelmaking throughout the world except Europe. The oxygen 


lance technique was developed at the Abbey Works of the Steel Co. of 


Wales Ltd. and is described on page 274 of the February Issue of the 


JOURNAL OF METALS 


Rotating Oxygen Converters to be Installed 


At Oxelosund on the central Swedish coast, a new steelmakiny plant 1 


to be built. It will comprise two 80-ton Kal-Do rotating oxyven con 


verters of combined annual capacity of 475,000 tons. Iron from existing 


blast furnaces Is ¢ x pected to be used. This is the first sale of a license 


for the new Kal-Do process developed by Stora Kopparbergs Bergslag 


in Sweden. The process is to be described in detail in a forthcoming 


issue of the JOURNAL OF METALS 


Open Hearths Getting Larger 


Steelmakers are turning to larger and more modern open hearth fur 


naces for greater unit productivity. Ten years ayo there were only 30 


furnaces capable of heats of more than 2 


204 such open hearths in the U. S. Recently, the largest open hearth 


25 tons, while today there are 


furnace in the history of steelmaking started operation at the plant of 
Weirton Steel Co. The new furnace, with a rated capacity of 600 ton 


per heat, was built by Loftus Engineering Co. of Pittsburgh. It ha 


outer wall dimensions of 26 ft 9 in. by 108 ft 6 in. with a hearth area 


of 1485 sq ft; it can be fired with oil or tar. In addition to the 600-ton 


viant, Weirton’s open hearth shop consists of two furnaces rated at 


50 tons, one at 500 tons, five at 450 tons, and five at 275 ton It is the 


largest single open hearth shop in the world 
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QUALITY REFRACTORIES AND INSULATION 


MVOC [AVE eine ciavy erick Amo 


Ground Fire Clay. A smooth, high quality, 
plastic fire clay with low shrinkage for laying up 
fire brick and other fire clay refractories. 


Fire Clay Flour. Extra fine preparation of clay 
for laying up the brick with tight joints and for 
molding sand bond. 


Grundite Bond Clay. Special bond clay con- 
taining “Illite,”’ a mineral that improves mold- 
ing sands for malleable and gray iron castings. 


Fire Clay Brick. Dense, well-burned plastic 
fire clay brick for iron and steel ladies, cupolas 
and for general intermediate heat duty require- 
ments. 


Firox Cupola Mix. New type mixture for lining 
cupolas and ladles by gun or hand application. 


Castables. Refractory grog with hydraulic 
bonds for use as a concrete. 


“hem-Hrix CHEMICALLY BONDED-NOT KILN FIRED 


Carbon. Chemically bonded Carbon Chem- 
Brix assure longer service and less spalling, 
especially for iron and Bessemer steel ladles. 


Coating. An insulating cement for application 
as a plastic on furnace brick-work exposed to 
temperatures up to 2000°F. 


Brick. Molded vermiculite brick used for back- 
up insulation. Provides a strong, resilient cus)- 
ion which absorbs expansion of refractory 
brick-work without disintegration. 


Silica. New type chemically bonded silica brick 
with low porosity and greater density than other 
silica brick. It is more refractory and has ex- 
cellent expansion properties to insure superior 
service life. 


L.B. Block. Pressed block with high insulating 
efficiency and unusual structural strength for 
use up to 1900°F. 

Concrete. A prepared structural material con- 
taining vermiculite, Lumnite cement bond and 
specially selected refractory aggregates. 


ILLINOIS CLAY PRODUCTS CO. 


MAIN OFFICE: Barber Building, Joliet, Illinois « SALES OFFICE: 208 S. LaSalle Street, Chicago, lilinois 


‘ on 
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over 5,000 Grinding — ia) 


American Iron and Steel Institute 


Annual Capacity of Blast 


Total Annual 
No. of Capacity, 


Company Stacks 


Weed Steel le 
Steel Corp 
tsheMeltd tris 
Mariam Steel Corp 
Iron Steerlte 
Kerkman 
Kethlehem 
elerade 
rucitle rica 
fietroit Steel Carp 
Pastern Gas & 
ford Meter ta 
(,ranite City Steel Co 
Inland Steel le 
Interlake Iron Corp 
International Harvester Co 
Jackson Steel & Ce 
fone & Laughiin Steel Corp 
Kaiser Steel Corp 
favine 
lone Star Steel le 
Melouth Steel Corp 
Merritt Chapman & Seatt Corp 
ce Products & Chemical Corp 


(Ingots and 


Open Hearth Bessemer Electric and Crucible 

Total 
Annual Annual Annual 
Capacity, Capacity, 
Net Tons Net Tons 


Annual 
Capacity, Capacity, 
Company Net Tons Net Tons 


800 


Acme New port Steel Co 
Wood Steel le 
Alco Products tne 
Allegheny Ludiom Steel Corp 
American Compressed Steel Corp 
Vimeo Steel Corp 

sSheMeltd 
\tlantic Steel Ce 
A Wileas Co 
Haldwin Lima HMamilten Corp 
Hartum Steel Corp 

industrial borge A Steel te y 

& Steel O00 


160 105.160 
200 464.200 
600 1.600 
000 ; 000 
1,000 2.100.000 
000 400 004 
450 229.450 
169.960 


44 600 
446,760 


Herkman Coe 
Ohio Kiver Steel Diy OBO 146,080 
Hethichem Steel Corp 
Hethichem Steel Ce if $46,000 
tiiethichem Pacific Coast Steel Corp 
Neorg Warner Corp 
oll Steel Diy 
ersell Products 
Hrachurn Alley Steel Corp 
Hyers ta A 
(abet Shep 
fameren tron Works tne 


000 OOO 
000 000 000 


000 64 
000 100,000 
20 
O00 

00 

800 

600 


Carpenter Steel Co 

elerade tren Corp 
tKheebling » Sens Corp. 4 

elumbia Teel Steel Co 600 


ontinental Steel Corp 


opperweld Steel Co 
rucible Steel Co of America 
etreit Steel Corp 
astern Stalnless Steel Corp 
dgewater Steel te 
mopire Steel Corp 
tle Porge A Steel Carp 
A Sens ta. A 
irth Sterling tne 
ord Meter Co 
(srantte City Steel te 
tsreen Kiver Steel Corp 
Narrishburg Steel Ce. Div of Harsco Corp 


Heppenstall Ce 

Hester Steel Corp 

Inland Steel Ce 

International Harvester Co 

Isaacson tron Works 

lessep Steel lea 

tones & Laughtin Steel Corp 

jostyn Mig A Supply Co 

Steel 

Steel Corp 

Keystone Steet Wire Co 

epresent 
ne repall 

540,000 tor 
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: Net Tons” 
2 454,800 
2,104,006 
420 004 
200 000 
136,800 
12,830,000 
7 1,425,040 
895,000 
768.700 
1 195,000 
1.165, 981 
2 675.000 
4 if ] 
7 1.630.000 
808,000 
‘ 95,000 
4.607 006 
1,414,000 
$184,000 
85.000 
48 
217,74 
‘ ‘1 ene t ft erage dedu f 52 pet w le b produce f pe tir t ‘ t be 
I ate i I 216,000 tor ferroalle ipacit Fe 
. 
Annual Steel Capacity 
4 SOO 
235.000 
6.600 
; ‘ 420,000 
660 000 
1,423,400 
1.500.004 
117,60 
100 000 
2554 
20,04 
| 877,400 
1.200, 000 
183,196 
100,750 
55.550 
12.00% 
SOO) Ot 
1.200 006 
02,000 
740 15,74 
OOF 
p00 7.500 
76.500 
1,536 004 
450 006 
pactt afte 
i ind holida shut 
Used melting 


Annual Capacity Tables—See Also Page 562 


Furnaces as of Jan. 1, 1957 


Total Annual 


No. of Capacity 
Company Stacks Net Tons" 


National Steel Corp 
*G reat Lakes Steel Corp 
tHanna Furnace Corp 850.000 
‘ 


*Weirton Steel Co 


New Jersey Zine Co y Ia 
Pittsburgh Coke & Chemeal Co 


Pittsburgh Steel Co O00 
Kepublic Steel Corp 22 
Sharon Steel Corp 1400 
Shenango Furnace Co 
Tonawanda Iron Div. American Radiator & Standard Sanitary Corp 165.000 
nited States Pipe & Foundry Co ‘ 
United States Steel Corp 
nited States Steel Corp. (Central Operations) 189.410.4900 
tAmerican Steel & Wire Div ' 1.695.000 
*C olumbia-Geneva Steel Div 1 
*National Tube Div 75 
*Tennessee Coal & Iron Div " 
Wheeing Steel Corp " 1 OM 
Woodward tron Co 


Voungstown Sheet & Tube Co 


(rand Total 


9.000 cap t tk 


Steel for Castings) As of Jan. 1, 1957° 


Open Hearth Bessemer Electric and Crucible 
Total 
Annual Annual Annual Annual 
Capacity, Capacity, Capacity Capacity 
Company No Net Tons No Net Tons No Net Tons Net Tons 


Steel le 4020 


Kilby 


Knoxville Iron Co 2 
Laclede Steel Co i 00 000 oor 
Latrobe Steel Co 24.000 240K 
Le Teourneau tne. KR G 44.100 44.100 
Lone Star Steel Co 4 50.000 000 
Lukens Steel Co 12 750,000 750. O01 
MeLouth Steel Co |) 180.000 
Merritt-Chapman & Scott Corp 

Milton Steel Products Div 0.000 80 000 
Mesta Machine Co 4 121,00 20 141.000 
Midvale-Heppenstall Co 100 BOO “2 
Mississippi Steel Corp 5.008 45.006 
National Forge & Ordnance Co 25 
National Steel Corp 

tGreat Lakes Steel Corp 17 200, 000 2 200 000 

Weirton Steel Corp 000 C00 2 000 
National Supply Co 0.200 
Newport News Shipbuilding & Dry Dock Co 12 12 
Northeastern Steel Cor 148 280 2 114.00 on 
Northwest Steel Rolling Mills Ine 2 
Northwestern Steel & Wire Co On 
Oregon Steel Mills 120.000 120 OF 


216 


Pacific States Steel Corp 216,006 


Pittsburgh Steel Co i2 1.320.004 20 000 
Porter Co. Ine... 
tC onners Steel Div 109.000 000 
Vulcan Crucible Steel Ce 2 0800 
Kepublic Steel Corp 74 6.840 2 665 000 2 1.542.000 1.047.000 
Keanoke Electric Steel Corp 24.000 24.000 
Kotary Electric Steel Co 100 000 OO 
Sharon Steel Ca 17 1 426.000 2 72.000 | 
simonds Saw & Steel Co 2) 21 
southern Electric Steel Co 2 OOF 
Southwest Steel Kolling Mills j 45.000 45.000 
Texas Steel Co 70.450 70 4% 
Timken Roller Bearing Co 700 0060 700 000 
nion Electric Steel Corp 2 20. 20.70 
{ nited States Steel Corp 
nited States Steel Corp 177 24.9489,000 OO #7 OM 26.620 000 
Central Operations) 
tAmerican Steel & Wire Dy 26 2,275,000 2.275.008 
clumbia-Geneva Steel Div 2.679 2679.000 
National Tube Div t.021,.000 990 O04 4.011 008 
Tennessee Coal & Iron Div 2 907 
niversal-C yclops Steel Corp 70.16 7018 
Vanadium-Alloys Steel Co ‘ 2 On 12 Om 
olonial Steel Co 000 
Washburn Wire Co ‘ 
Wheeling Steel Corp 2 2.200 006 


Vickwire Brothers Inc 
Youngstown Sheet & Tube Co 


Grand Total 
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4.140.000 

262 

epeleise Include 237,600 tons ferroal capacit ! 

‘ “ capacit 

— 

* 

yas 

16,912.41 4,505,004 097 12,041.74 133.450.15¢ 

ef pe hearth fu Includes three c« erte ised elting charge f pe hearth fu ‘ ides 

erte ised elting charge f pen hearth furnaces. * Include ‘ icible fu ‘ ty, 401 ee 
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ALLOYS ALONE 
ARE NOT ENOUGH! 


The de 


elopment of new and better alloys or improvements in mak- 
ing and using them is only part of the job at ELECTROMET. The service 
you get with the you buy is equally important. Here’s where 
ELECTROMET is really unique. Just read the following and see if 


you're vetting the most out of your present alloy purchasing program. 


FOR INSTANCE...ARE YOU GETTING 


TH IS? Che experience of sales engineers skilled 


in the most efficient use of alloys ready to qui kly 
call in ELECTROMET specialists on any technical 
problem that may come up 


ity prose ‘ THIS? A urance of 


100 differer i \ fast delivery service from convenient, well-stocked 


continuing supplies and 
warehouses. The most important alloy 


tocked by ELECTROMET near every major metal 
lucing center in the nation 
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THIS? tie combined knowledge of more thn 
eal ind ent | } e experience 
i i ml Lechnotoy an? p you with your 
most perplexing alloy-using problen 
f 
Pid | ‘ 
he 
. 
ry’ 
PHIS? assurance of top qua 
tine ‘ tion than 
Vl ler ef! ent ant convenient to tecimaking plant 


ELECTROMET engineers bring you on-ine-job assistance 


in the use of alloy Their experience backed by the entire rro MEN Al K cic 
FE LECTROMET organization is your assurance of satisfac COMPANY 


tion. We invite you to call us 4 Diviaiom of 
40 42nd Street UCC York 17, N.¥, 
jn / Met Con 
Division of t Carbide Canada Limited 


You should have this new 28-page booklet Ontark 
about ali ELECTROMET facilities and serv 


ices Writ« for your copy today 


METALS DO MORE ALL THE TIME .. . THANKS TO ALLOYS FERRO-ALLOYS AND METALS 


W.E. MARSHALL 
PAST CHAIRMAN 


co 


F. M. HAMILTON 
VICE CHAIRMAN 


J. W. DUNCAN 
VICE CHAIRMAN 


R. L. STEPHENSON 


SECRETARY 
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C. T. MARSHALL 
CHAIRMAN 


A Che 
4 


ke 


Blast Furnace, Coke 


Oven, and Raw 


Materials Committee 


Executive Board 
E J Andberg Douglas Joyce 


ke Alg » Stes 
J Cavett R. P. Liggett 
Hoffman R_ E Powers 

ethleherr tee Kopper 


R W. Shearman, Treasurer, AIME 


Program Committee 
Huntley, Chairman NW. Lindbloom 
FC Ande rko J S. McMahan 


James Chisholm A B. Shottuck 


W Holman Stanley Sundeen 


Wagstatt 


Finance Committee 


E J. Andberg, Chairman 


William Bishop E R Dean 
R L. Clark J P. Kennedy 


Membership Committee 
WE. Conway, Chairman 
Pick is Mather and 
C_A Buck Dunham 


R H Chisholm J. B. Hollister, Jr 
R C Mohr 


‘ 
| 
4 
y 
ne 
nad 
tee 
te 
ter r 
| 957 


D. R. MATHEWS 


CHAIRMAN 
Alan W 1 Stee! 


H.G. GRIM 
PAST CHAIRMAN 


Heppenstall ¢ 


National Open 


Hearth Steel 


Committee 


Executive Board 


RP Corpenter Jones M. F. YAROTSKY 
VICE CHAIRMAN 


C. €. Carr Joseph 

Weirtor tee! ¢ niversity of Minne tee! Core 
W. Conn Kay 

Ford Motor ¢ tee! Cort 
Barney Dagan L. W. Moore 

er tee ( WV hee fee 
C.F. Henzelman Stewart 

Michael Tenenbaum 


Hess 


Program and Membership Committees 


K.P. Campbell C D. Moore 

TD Hes Walton 


C C. Wissman 


mn 


DL Me Bride 


Finance Committee 


J. M. Stewart, Chairman HP. Day R. W. SHEARMAN 
J.P. Bankson J. F. Donnell SECRETARY TREASURER 
A E. Bickell James MacBeth, Jr 
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212 open hearths now have 
Detrick construction, con 
tributing to better perform 
ance m each case A num 
ber of units have recently 
installed Detrick all bas 


suspended roofs 
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Here you can draw on the reservoir of more than 40 years of ex- 
perience in designing and engineering in this specialized field. Here 
you can put your trust in an organization that has had a life-long 
policy of making sure that the installation is a success. Here you will 
find heat enclosure designs engineered to make use of the latest de- 


velopments of materials and methods. 


TEMPERATURE PROBLEMS. Detrick constructions provide for a wide 


range of temperature requirements from open hearth furnaces through 


oil refinery heaters to hot gas flues. 


HEAT LOSS PROBLEMS. Block and castable insulations as an inte- 
gral part of Detrick designs cut heat loss to a safe minimum. 


CONTOUR PROBLEMS. Detrick supported roofs and walls provide 


the structural flexibility to meet any contour or span. 


M. H. DETRICK COMPANY 
111 W. Washington Street « Chicago 2, Iilinois 


DETRICK 


HEAT ENCLOSURES 


ERT 
all 
\ 


st structural metal { Magnesium was selected because it has the necessary light 


Magnesium is the world’s lighte 
durability and other desirable 


only 230 as much as steel, 20% as much a 
and 65% as much as aluminum. But magnesium 


too. How strong? Look at a few of its uses in the aircraft 


ne trength 

woperti It's the combination of light weight and strength 

Proj 

that makes magnesium the choice for countless applications 


industry, for example throughout industry 


pir ture above to be lieht What do these facts mean in terme ol your products parts 
hock when the or equipment? They mean that magnesium can do an equal 


The magnesium wheel itt the 
but it also has to withstand tremendou 
plane touches down. In another ipplic ition, the 
weight of a two-ton helicopter is suspended from a mag bor more information, contact the neare 
In large cargo plane magnesium floor mem or 


bers support heavy weights in flight Michigan 


entire or better structural job at a substantial savings ins weight 
st Dow sales office 


vrite to ous. THE DOW CHEMICAL Company, Midland 
Magnesium Departrne nt MA J401P. 


nesium rotor 


YOU CAN DEPEND ON 
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Still pointing the way.. 
TOWARD a new HORIZON 


IN FIRE CLAY REFRACTORY 


WALSH APEX — Super Duty Firebrick . . . 

Last word in high bulk density, low porosity, 
high heat transfer, maximum resistance 

to slag penetration and metal wash. 
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OVER 60 YEARS MANUFACTURERS 


Designed specifically for use in lining 


closed and semi-closed hot metal 
torpedo type ladles, hot metal mixers 
and for checkering open hearths and 
hot blast stoves— Walsh Apex offers 
greater value per dollar invested. Isn't 
this the kind of economical service you 
want from the refractories you use? 


Write for details. 


Fire Clay Specialists in Refractories of 
High Bulk Density and Low Porosity 


WALSH REFRACTORIES CORPORATION 


101 FERRY STREET + ST. LOUIS 7, MISSOURI 


HIGH GRADE REFRACTORIES 
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Committee 


Pittsburgh Section 


During the past year the Pittsburgh Section held 
an Iron & Steel Div 
with the AIME Pittsburgh Section on May 17, 1956 
peaker for the occasion was Dr. F. D. Rich 


try of 


linner meeting in conjunction 


Guest 
ardson of England, who discussed The Chem 
Sulfur in Tron and Steelmaking 

The spring golf party at the Pittsburgh Field Club 
on June 13, 1956, saw a turnout of 220 members and 
guests, while the evening dinner was attended by 
$50. R. M. Barnhart served as toastmaster, and J. T 
Meell as chairman of the arrangement 

The llth annual off-the-record 
place on Nov. 2, 1956, at the Penn-Sheraton Hotel 


committe 


meeting took 


with a total registration of 844 representing the 
joint effort of all local AIME divisions including the 
Coal Div., IMD, Petroleum Div., and the Mineral 
and Metals Economic Committee, in addition to the 
NOHC. W. D. Doty served as general program chau 
man for AIME, assisted by W. O. Philbrook for 
NOHC, and D. H. Davis for the Coal Division 
Through the courtesy of the supplier a cocktail 
party was held prior to the Fellowship Dinner, the 
latter attended by 396. A total of 98 engineering 
tudents were guests of individual members and the 
Pittsburgh Sections, AIME-NOHC, at the technical 
essions and the Fellowship Dinner. Toastmaster 
N. K. Flint had the pleasure of introducing AIME 
President Carl E. Reistle, Jr. and guest peaket 
Perry E. Gresham, president of Bethany College 
The F L. Toy Award wa presented to John F 
Elliott, Kurt R. Mattson, and John Tatu, Jr. for 
their paper Influence of Ingot Dimensions on Seq 
regation in Large Rim Steel Ingot 

The Section’s plans for the future include a 
golf party on Monday, June 10, 1957, at the South 
Hill Country Club. The Penn-Sheraton Hotel 


pring 


D L. McBRIDE 


U_ 5S. Steel Corp 
Pittsburgh 
Chairman, 
Pittsburgh Section 


National Open Hearth Steel 


Local Section Activities 


Pittsburgh, will be the site of the annual off-the 
record meeting, Nov. 1, 1957, at which function 
will serve as program chairman 

Present officers of the Pittsburgh-NOHC Section 


G. L. Owen 


S. Steel Corp., chairman; R 


Corp., vice chairman, 


are D. L. McBride, U 
M. Barnhart, Alco Product 
E. B. Snyder, Wheeling Steel Corp., 
J. H. Smith, Steel Publications Inc., treasure: 


ecretary, and 


Chicago Section 


The Chieago Section had a busy 
At the spring dinner meeting held at Phil Smidt’s 
Restaurant on May 7, 1956, H. V. Flagg of Armco 
Steel Corp. presented an interesting paper on Com 
bustion of Liquid Fuel im Open Hearth Furnaces 


uceessftul yeat 


Audience participation was unusually good at thi 
meeting, presided over by technical chairman 
Courtney Sarrels of U. S. Steel Corp.’s Gary Works 

The annual golf party was held at Medlothian 
Country Club on Sept. 11, 1956, at which time 200 
took part in the sport and 420 were present for the 
dinner afterward 

Highlight of the fall dinner meeting on Oct. 1 


ion on the use of pneumatsu 


1956, was a panel discu 


and mechanical equipment for open hearth furnace 
used with thi 


maintenance, as well as material 


equipment. A. M. Kroner presided 


T D HESS 


Youngstown Sheet & 
Tube Co., 

East Chicago, Ind 
Chairman, 

Chicago Section 


Subject 


cene of the day 


Del Prado Hotel was the 
record meeting on Mar. 14, 1956 


The 
off-the 
discussed included the use of basic brick for roof 
and end construction, hot tapping practice, light up 
rebuild and bath 
temperature control. The Section contest was won 
by K. V. Smith, Gary Works, U. S. Steel Corp., while 
R. J. Tatousek and A. F. Peters, of Inland Steel Co 


were awarded second place honor 


procedure following furnace 


(Continued on page 
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(Continued from page 559) 


Officers for 1957 are: H. Erler. Gary Works. U. S se RE 
‘ cha in vickel, Wisconsin Steel Work 


Detroit Section BRASHEAR 


Lone Star Steel Co., 


} md MeLoutl teel Corp 

Lone Star, Texas 
well re esented. AIMI ecreta Kirkendall 
forme NOH ecreta discussed the ims and 


Southwestern Section 


held 
rene of Detroit Prine | il peaker of the 


thie 


thie 


audience 


W H. Ma manager of proce control metal +. 
' Pittel for the technical sessions. On Thurs. evening a din- 
q ner party was held at the Garden of the Gods Club 
7 ‘ eset >. ‘ or 
> , : “6 ponsored by E. J. Lavino & Co. The technical ses- 
Per renee n the Control of nm the 
Open Heartl \t th dinner-meeting. more thar ion the following day broke all Section meeting 


ittendance record A highlight of the day’s activi- 
ties was the Suppliers Cocktail Party, culminated by 
the Fellowship Dinner which was attended by 175 


140 were 


The NOHC Detroit Section and the AIME Detroit 


Chapt ned fores te tape a two-da Regional 
members and gt t 

lis and 19, 1957, on Deep Drawing ind Ae 

‘ j The lad had a fine time too. While the techni 
ee The program covered proce metallurgy and 

7) cal met , of deep drawin tents frame rae cal sessions were in progr the wives were con 
' — = tior ducted on tour of Colorado Spring as guests of 


CF&I. and in the evening they enjoved a dinner at 
the Garden of the Gods Club: EF. J. Lavino & Co 


Eastern Section 

During the last year the Eastern Section held 
everal highly successful meeting On May 11, 
1956, over 200 membet! participated in a tour 
through Alan Wood Steel Co. at Conshohocken, Pa 
A total of 60 compan (suppliers and steel pro 
ducers) were represented Mill visited by the 
roup included the Open Hearth Blooming Mill 
Plate Mill, Hot Strip Mill, and the Cold Strip Mill 
McLouth Steel Corp After their visit to the Steel Works, guests were 
paren dageaas taken by way of the Blast Furnace and Coke & 


Chairman 
Betreit Section (Continued on page 562) 
ot < 


P E LINDBERG 


Southwestern Section 


The usual spring meeting of the Southwestern 
Section Wil held in St Lout on Feb 19 il 


Hotel Lennos At that time, the Section authorized G &W.H Ce~on 
in annual award of $100 for the best paper submit Co. Inc 
ted which could be used in the October Technical Plymouth Meeting, 
bon Po 

The Annual Globe Trotter Meetir Wi n Pueblo Chairman, 
ind Colorado Springs Sept. 27-28, 1956. Host for thi Eastern Section 
meetin Vil the Colorado Fuel & Iron Cory On 
September 2% and guest \ ted 
the plant of CFA&I, followed | lunch at the Pueble 
Golf & Count Clut i iests of the companys 


returned to the Broadmoor Hotel 


the 


Afterward 
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am 
The Detroit Section got under way last year with 
thas ‘ ‘ be j Fel 29 At t} ¥ 
vanizational conclave, 129 were present. All of the 
Ford Motor Great Lake teel Corp., Rota 
ive i J len, of Bowflux Co 
Melting Practice and its Effect on Finished 
Steel. well received by of 1°30 
3 
ea 
} ed 
¥ 
‘ 
Cc D MOORE 
iL 
f 


EAT More 


MORGAN- 
ISLEY 


The Morgan-lsley system offers you a better 
means of heating ingots with straight blast 
furnace gas, coke oven gas, natural gas or oil. 


The schematic shows the flow of combustion air and flue 
gases through the regenerators and soaking pit. The 
Morgan-lsley system employs vertical regenerators. It 
eliminates regenerator capacity under the crane runway 
thus freeing this valuable area for heating steel. 


H.H. Wood, Representative, Koppers Building, Pittsburgh, 
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MORGAN CONSTRUCTION COMPANY worcester, mass. [ 
ROLLING MILLS MORGOIL BEARINGS REGENERATIVE FURNACE CONTROLS © EJECTORS PRODUCER GAS MACHINES 


(Continued from page 560) 
luncheon 
Favor 
tributed 
technic 


ladelphia 


al conference 


on Oct 


400 


mu 


fion 


M 


morning 
coverin 
afternoon 


tem ule 


pe trometer 


a lighters 


of thre 


Lough 


need 


Company 


Nian Weed Steel 
Armco Steel Corp 
tsheMeld Div 
Hethlichem Steel Ce 
olerade & tron Corp 
ructble Steel Ce of America 
Detroit Steel Corp 
Pasterr as & 
ferd Meter te 
City Steel Ce 
Intand Steel Ce 
Interlake Iron Corp 
International Harvester Ce 
Jones & Laughtiin Steel Corp 
Kalser Steel Corp 
Star Steel le 
Merritt Cha an & Scott Corp 
Products & Chemical Corp 
National Steel Corp 


lone 


reat Lakes Steel Corp 
Purnace Corp 
*Weirten Steel Coe 
Pittsburgh Coke & Ch 
Vittshurgh Steel Ce 
Kepublic Steel Corp 
Sharon Steel Corp 
arpentertown Coal & Coke Ce 
nited States Pipe & beundry Co 
nited States Steel Corp 
*t Steel Cerp (Central Operations 
tAmertcan Steel & Wire Div 
columbia CGienewva Steel Div 
*National Taube Div 
*Tennessee Coal & tron Div 
Wheeling Steel Corp 
Weedward trea Ce 
Peungstewn Sheet & 


Tube 


(Condit 


Vein 


Buffalo Section 


of the Buffalo Section in 


1956 1 


ncluded 


annual golf party on May 24, 1956 at the 


Country 


tour o 


At 


pDeuke 


tive ? 


vere J 


alph D. Hindson, and J. D 
Canada Ltd 


Luck 


whose 


ty Mite 


Walton 


19 7 ha 


Lackaw: 


O} 


new 


Section. Harry A 


Annual 
the 
attendance 
f Chev 


echnical s¢ 


chairman J 
Foundries & Steel Co., will set 


Club, with 1 
as followed by a dinne 
d through the « 
Committe 

Meeting W 


ith 


distribute 
Supplier 
Fall 
Hotel Statler, w 
rolet Forge 

the 
Republi 
Sloane 


W. Tysse 


if 

St 
bot 
at the Annual 


relation 


Peake! 
publi 
topic W The Tr 


elected Sect 
ince he 


of Bethle 


who wa 


resigned Nia 
plant 
hearth 
he will be 
elections a! 
1957, in 


Atkinson 


inna 
en 
here assl 
held 
Ham 
of 


yvovembet! 
R 
ve a 


Morlock 1 


ecretary 


tl 


Upervisol! 


"arisi 


ti 


hem Stee 


uperintendent 


chairmar 


trea 


The 
whict 


te ‘ f 


ant 


ia 


oul 


held 


209 membe! 


whom took 


afternoon 


eel 
h of 


‘orp 
Steel 


nquet 
N.Y 


tor 


lori ¢ 


an 


to 


On 
Dominion 
of the 


ure! 


Beehive 


Other 


Annual 
Capacity, 
Net Tons* 


228,000 
215.00 


Annual 
Capacity 
Net Tons” 


Total 
Annual 
Capacity, 
Net Tons* 


O00 


Onn 


Acknowledgment is given to the American tron & Steel 
were compiled by AISI 1957 


and are correct as of Jan | 


Institute for permission to publish 


these official capacity figures 


All dato 
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Chemicals De Valley Forge 
Hotel orating the vill 
W 
rhe tenth a held at the Wanakah } | 
a f to 
Warwick Hotel, Phi, 12. 1956, wa tournames 
ittended by approximate guests. The progran © prizes wer 
: () rth 
ened with the pre entation of the award winntit he pen Hea 
its of Improved Combu on 
nd a Cold Meta hop by G |_| 
indard Steel Works Div., Baldwin-Lima-Hamil 
devoted to a panel discussio veneral the 
en hearth problem In the paper — 
vere presented on a fuel control 
The evening activities were in Zi we, wit! The principa 
entertainment furt hed b the Supplier Commit Clarence F. HE 
tee in excellent steak dinner, the guests were Pelephone C 
unused t Dan Loughre Jones & Laughlin Steel lhe Migh 77! 
Cory vt offered some diverting storie Later he 
presented an interestin eview growth of the nan for amsferred 
nd ste« ndusts Mr. EB rey empha fre the 1 Co 
ml the continuimn and for techni vhere he Wa me the 
va trained men in the industry Johnston plant t general 
Ibe ection has big plans for 1957 neluding a manace Until the next 
’ tto the Claymont Plant of CF&l the f annua annual 
nd wolf party at the Coatesville. Pa.. Coun 
ful nd the annual technical cheduled 
AISI Capacity Tables (Continued from page 551 
Annual Coke Capacity as of Jan. 1, 1957 
Ovens Ovens 
151 800 OOF 
186 1045 008 045.006 
5 62 60.004 60.000 
2.208 11.450 000 1,450,000 
266 1.220.000 1.220.000 
21 #41 604 1 600 
108 50. 000 50 004 
108 664 001 664. 006 
220 1.420.790 20.790 
76 450.006 450 
2 2.598,190 2 9H, 1 
400 1.697.000 lf 
155 750,000 750.004 
225 1.006 000 106 O01 
78 418.000 
44 251.500 251,500 
204 2.000.000 
12¢ 1585006 158 | 
204 900.000 
iat 1 000. 000 
22 inn 22 
100.004 900 006 
042 04 4.650 80 695,400 
29 1,418, 106 $18,100 
O# 45,70 $45, 
58 O42 2 
14 720 O01 720 
7h 4,140,006 140.00 
fsrand Tetal 2 1.745.600 14.059 71.22 BO 72.970, om 
ey ‘ ‘ ‘ ‘ ft verage deduct pet w de f ebuilding elining ey 
{ ‘ ‘ with tw t i f the tot ipacit Ind te it | Indicates 50 pet f coke 1} t f the Donne 
Ha Coke Corp, Buffa 


When the tip sublimes |! 


Away up where it’s cold, black and lonely at 500,000 ft., outstanding design advantages 

the thermal attack on a missile or “airplane” isn’t very Production quantities of very high strength heat- 
meaningful. The air molecules at that height are barely treated sheet, to close page and flatness tolerances, are 
nodding neighbors, rather than crammed together in a being engineered into advanced aircraft and missiles. For 
fluid mass. But, escape and re-entry into the earth’s dense non-military applications, all types of mill products are 
envelope ot atmosphere generate thermal attacks of obtainable at constantly lower price levels 

frightening ferocity. Nose and leading-edge temperatures 1.M.C.A. is again adding to its production facilities 


mav e to 300° to properly service an ever-expanding market. T.M.C.A 


Even titanium won't stand such temperatures for engineering service 
areas requiring available to all those industries challenged by weight, 


and technical literature are readily 


more than a few minutes. For all those 
long-time service life up to 1000 F, however, titanium’s strength and corrosion problems. 


light weight, great strength and corrosion resistance offer 


«FIRST IN Titanium 


TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 
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Harbison-Walker 
EFR design 
brovides imporlant 


The EFR shapes cost less than large special 
shapes and since they are used with stand- 


electri furnace 
key-arches and 


Harbison-Walker EFR 

root) brick are modified 9 
key-wedges, designed for use in combina ard 9 
cost 1s considerably reduced. 


sizes in predominance, the overall 
tion with a large proportion of standard 
9x4 x 3 
rools of any diameter and rise 


sizes in the construction of 


H-W High Alumina Castable and Korundal 
Ramming Mix sometimes are used to ad- 


The use of these EFR sh ipes insures a vantage as a monolith to facilitate easy fit- 


close fit of the brick and roof construction 
of best workmanship 


The number of different sizes required for 
EER 


brick is greatly reduced for some designs 


building a roof with the aid of the 


Bricklaying is simplified and much time is 
saved when EFR brick are used 
EFR brick are power pressed by which 
method of forming all of the most desirable 
phy sik al properti sure se« ured, 


Roofs built of smaller brick units in prefer- 
ence to large special shapes generally prove 


ting in the center section 


Che EFR brick, together with the standard 
+ sizes needed for complete roots, are 
furnished in the types and classes of refrac- 
tories best suited for the various operating 
conditions. For example, they are made in 
the following brands: STAR and VEGA 
sihea brick; H-W MULLITE; KORUN.- 
DAL; and various Harbison-Walker super- 
duty brands, such as ALAMO and H-W 
SUPER SAVAGE 

The combination of quality, H-W 
Technical Service and balanced selec- 
tion based on availability of all types 


and classes of refractories from one 


to be more serviceable. The smaller sizes : h 
source, provides maximum economy. 


are more resistant to thermal shock. 


\ HARBISON-WALKER REFRACTORIES COMPANY 


AND SUBSIDIARIES 
World's Most Complete Refractories Service 


GENERAL OFFICES: PITTSBURGH 22, PENNSYLVANIA 
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a vertical 
metallograph for 
the ultimate in 
versatility and 
photomicrography... 


PANPHOT 


Modern industry is called upon to test new materials and methods almost every week. 
The PANPHOT Metallographic Microscope is a highly versatile instrument designed 


for utmost efficiency, ease of operation, and long life. Material specimens, regardless 


of their size, can be observed from corner to corner in an upright position. 


e New vertical illuminator with rapid objective 
changing device. 

¢ Low-power illuminator for photography speci- 
mens up to 60 mm. in size. 
Instant change-over from binocular observation 
to photography. 
Low-voltage lamp intense enough tor photog- 
raphy, plus arc lamp and the highest powers 
of magnification. Magnification ranges from 
2x to 2000x. 
Vertical compact construction requiring mini- 
mum of space. 


&. LEITZ, INC., Dept. JM-4 
468 Fourth Avenue, New York 16,N_Y. 


Please send me brochure on PANPHOT Metallographi 
Microscope 


Name 


—&. Leirz, inc., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the worid-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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Available soon at lower prices... 


A MILLION POUNDS OF ZIRCONIUM 
FOR INDUSTRIAL USE 


By mid-1957 oniu an ge Higher Quality 


ood ipo of the metal froma new 
zirconium will offer users top quality, 
trial Chemicals plantat A hta 

too. In the first place, tarts with 

new Vvrophoric, non 
odium, a higher purity raw material than 

platelet ‘ irconium 
the reducing ayents commonly used in other 

om 
processe Then, the technique itself vields 
“a a product of higher purity and uniformity 
porn Finally, in making its zirconium platelets 
virtually eliminates chloride, magne 
odium and hydroyven impurities 

Lower Price Sm quantitie of commercial grade 
dat $4.75 to $6.50 material are available for immediate 
tv. Commercial delivery. To help you on applications U.S.1 
has a staff of metal experts. ¢ all Bill Green- 
Manager of Metals Department, for 


further information 


US cHemicats co. 


April 8-12 Division of National Distillers Products Corp 
99 Park Avenue, New York 16.N. Y 


Chemical Progress Week 
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prime producer of sodium metal, uses 4 semi CC 
eontit realuctior proce the 
most economical pt n technique evel 
developed for reducing metallic chlorides 


If y, 
Vou have ney 
¢r 
Corhars Ral 


W, RAN this ad for a Corhart Electrocast Refrac- 


tory a little over 25 years ago—back when only a 


handful of glass manufacturers would think of using 
this new product, “one of the world’s highest-priced 


refractories’. Yet today virtually every furnace in the we on 
% 


glass industry uses Corhart Electrocast * 


ENDURANCE 


Today Corhart 104 is new in the steel indus- 

try. And although it too is ‘‘one of the world’s 

highest-priced refractories’, it offers open- CORHART | Al, 
hearth furnace operators the same opportun- 

ties for greater production and lower costs ELEC TROCAST 
that Corhart Electrocast brought to the glass 

industry. REFRACTORY 


Would you like to have complete data? Address 
Corhart Retractories Co., Incorporated, 1644 West Lee 
Street, Loutsville 10, Kentucky, U.S.A., Spring 8-4471 


Corha 
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increase in the consumption of electric power, the far sighted engineers 


With better than an BO 


of a large mid-western electric power and light company decided that an addition to their main 


generator building was necessary. To do so meant first removing a 24” thick wall that measured 
210’ long by 31° high. Removing this wall in the formerly-conventional methods would not only have 
taken too long, but would have cost a great deal 

At this point CHICAGO CONCRETE BREAKING COMPANY'S demolition experts were called in 
The question put to them: “Could dynamite be used safely on a wall that was less than five feet from 
operating equipment equipment that meant power and light for an entire city?” The answer 
CHICAGO CONCRETE BREAKING not only could guarantee to do the job of removing that wall, 


but would do so without disturbing the « peration of that vital equipment 


In less than three weeks over 12,600 cubic feet of concrete wall was control-blasted out. A tremen- 

dous savings in time and at a cost that was but one-third of what the “old’’ methods would have been 

with absolute ifety to both men and equipment such were the dividends that CHICAGO 
CONCRETE BREAKING returned to those modern-minded engineers 


if you have any rehabil n work coming up — regardless of how complex or “‘tricky” it 


appears, phone or write today Our 35 years of experience, know-how and ability are at your 
command to handle your demolition work while safeguarding your vital equipment as we did 


in the above situation 


Ge. 


EDWARD GRAY, PRESIDENT 
12233 $. AVENUE “O”, Chicago 33, Ill, BAyport 1-8400 PITTSBURGH AREA - 213 Corey Ave, Braddock, Pa, Electric 1-1656 
SERVING THE PRIMARY METALS AND OIL INDUSTRIES WITH 
KNOW HOW, EQUIPMENT AND MANPOWER FOR 35 YEARS 
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PROGRAMS 


Blast Furnace, Coke Oven, and Raw Materials 


Committee and National Open Hearth 


Steel Committee 


Blast Furnace, Coke Oven, and Raw Materials Conference 


Tuyere Development at Bethlehen L. W. But A 


Monday April istant to Superintendent, Blast Furnace Diy 


lehem Steel Co, 4othlehen 


4 4 The Orifice Plate Ga Washer J R Lowe Superin 
Blast Furnace Practice Session tendent, Blast Furnace Pittsburgh Work Jone & 
9:30 am to 12:15 pm—Urban Roon Laughlin Steel Corp., Pittsburgh 


Chairmen: J. S. McMahan, Superintendent, Blast Fus 
nace The Steel Co. of Canada Ltd Hamilton, Ont Blast Furnace, Coke Oven, and Raw 
Canada, and F.C. Anderko, Assistant Superintendent Materials Executive Board Luncheon 
Blast Furnace Div., Sintering Plant, Ore Handling 
Screening Station Jethlehem Work sothlehem 12:30 pm—Parlors B and C 


Steel Co., Bethlehem 


Welcoming Remarks: C. T. Marshall, General Managet 


Coke and Iron Div., Pittsburgh Coke and Chemica! . 

Co., Pittsburgh, and General Chairman, AIME Blast Annual Luncheon and Business Meet- 

Furnace, Coke Oven, and Raw Materials Committee ing, Blast Furnace, Coke Oven, and 
Blast Furnace Top Construction: H. M. Kraner, Ce Raw Materials Committee 

ramic Engineer Jethlehem Steel Co., Bethlehem Tuesday, April 9 
Experience With Stack Cooling Plat J. W. Duncan 12 30 pm—Monongahela Room 

Superintendent, Blast Furnace and R. E. Turman CT. Marshall. Chairman 

Tee hnologi il Coordinator-Blast Furnace Gary Everyone attending the Blast Furnace Coke 

Steel Work U.S. Steel Corp., Gary Oven, and Raw Materials Conference | invited 

ere hi luncheon nie inual jusine 
A Note on Bosh Construction and Bosh Tuyere Pre t nd ancl nd 
meeting 

printe d paper by G. D. Elliot, Works Manager Iron , ad P 

Appleby-Frodingham Works, United Steel Companiec Pickets, $3.50, tips and tax included 

Ltd.. Scunthorpe, Lincolnshire, England 
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Blast Furnace Theory Session 


2 00 to 5-00 pn Urban rtoon 


Chairmen: J. 8B. Wagstaff, Physicist, Research Labora 
Jnited States Steel Corp., Monroeville, Pa., and 

Holman, Assistant Manager, Steubenville 

Work Wheeling Steel Corp., Steubenville, Ohio 
H-lron Proce Preprinted paper by A. M 
Director of Proce Development, and C. A. Johnson 
Director of Research, Hydrocarbon Research Inc 


Squire 


York 


Slag-Metal Reaction of Chromium in Carbon-Saturated 
Melt: C. W. MeCoy, Products and Processes Develop 
Metallurgical Co., Div. of Unior 
(artbide and Carbon Cr rp Niagara Fall N. and 
W. O. Philbrook, Professor, Metallurgical Engineer 
ing, Carnegie Institute of Technology, Pittsburgh 


ment Dept, Electre 


Electric 


Oliver 


Furnace 
SJuilding, Pitt 


Production in the 
onsulting Enginees 


Coal and Coke Session 
2. 00 to 5:00 pn Allegheny Room 


Chairmen: A lL) Shattucl 
(;reat Lake Steel 


Superintendent Coke Plant 
Corp Detroit. and C. \ Thomp 
on, Superintendent, Coke Plant, Crucible Steel Co 
of America, Midland, Pa 


mposiun or Maintaining and (operating a Coke 
Plant During Operation J H 
Kunkle, Superintendent, Coke Plant, Republic Steel 
Corp, Warren, Ohio 

Pete Palumbo, Coke Plant Staff Engine er Cope ra 
tion Practice United State Clairton, Pa 
( Corban, Manager, Coke Inland 
steel Co Fast Cheago 


Curtailment of 


Steel] Corp 


Production 


Discussion 
oke Plant Jone 
Pa 


Cavett, Superintendent, By-Product 
& Laughlin Steel Corp., Aliquippa 


Tuesday, April 9 


Ore Agglomeration Session 
Urban Room 


40 am to l2 pm 


Chairmen: Jame Assistant Superintendent 
Blast Furnace P ial Work United State Steel 
and Stanley Sundeen, Man 

velopment, Cleveland-Cliffs Iron Co 


Problen 
sading Lake el 
rd Assistant 

Chi io 


of Car Loading Stockpiling 
at Erie Mining Company 
Manager 


General Sal 


Updraft Method of Pelletizing Specular Hematite Flo 
tation Concentrate DC. Violetta, Pyrometallurgist 
Research Laborator Cleveland-Chff Iron 
peming, Mich 


llow Can Theory Help Us to Make More Sinter’: Pre 
printed paper by FE. W 0 ind R. Wild, The Brit 
h Iron and Steel Re arch Assn., London, England 


Distribution of Sinter Mix by the 
Method Preprinted paper by W. J. E:isman, Devel 
opment Metallurgist, Coke Plant and Blast Furnace 
D. Ro Dalton, Product Metallurgist, and J. T. O’'Con 

lopment Technologist, Gary Steel Works, 

Steel Corp 


Swinging Spout 


nor Deve 


United State Gary 
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Byproduct Session 


9:30 am to 12:15 pm—Monongahela Room 


Chairmen: J. D. Price, Superintendent, By-Product 
Coke Plant, Colorado Fuel & Iron Corp., Pueblo, 
Colo., and R. O. Bowman, Superintendent, Coke 
Plant, Weirton Steel Co., Weirton, W. Va 


Byproduct Coke Industrial Waste Guide: Preprinted 
paper by H. H. Black, Chief, Industrial Wastes 
Studies, G. N. McDermott, Sanitary Engineer, Indus- 
trial Wastes Studies, C. Henderson, Aquatic Biologist 
in Charge, Bioassay Application Studies, W. A 
Moore, Chemist in Charge, Analytical Methods Unit, 
and H. R. Pahren, Senior Assistant Sanitary Engi- 
neer, Industrial Wastes Studi Robert A. Taft San- 
itary Engineering Center, United States Public 
Health Service, Cincinnati 


Biological Treatment of Byproduct Coke Plant Pheno- 
lie Waste Preprinted paper by N. W. Trepanier 
Supervisor, Project Engineering Section Plant and 
Production Engineering Dept., Steel Div., Ford Mo- 


tor Co De arborn 


What Will Sell and Why: W. R. Morgan, Hydrocarbon 
Products Co. Inc, New York 


Blast Furnace and Coke Oven 


Joint Session 


2.00 to 5:00 pm-— Urban Roon 


Chairmen: W. Lindbloom, Superintendent, Blast 
Furnace Edgar Thomson Works, United States Steel 
Corp., Braddock, Pa., and A. D. Shattuck, Superin- 
tendent, Coke Plant, Great Lakes Steel Corp., Detroit 


Knowing’s Not Enough (Talk and Motion Picture on 
Safety Dan Farrell. Director of Safety, United 
States Steel Corp., Pittsburgh 


Ironmaking in the USSR—Impressions Gained From 
Visits and the Literature: Preprinted paper by E. W 
Voice and S. Klemantaski, The British Iron and Steel 
Research Assn., London, England 


setter Utilization of Coking Coal A. H. Brisse, Chief 
Research Engineer—-Coal and Coke Applied Re 
earch and Development, United States Steel Corp 
Pittsburgh 


High-Temperature Testing of Blast Furnace Coke: Pre- 
printed paper by M. O. Holowaty, Chief of Raw Ma- 
terials Research, Research and Development Dept., 
and C. M. Sqnarcy, Manager, Iron Production, Blast 
Furnace Dept., Indiana Harbor Works Inland Steel 
(‘o., East Chicago 


Annual Fellowship Dinner 
Tue day April q 
6 30 pm— Urban Room 
Reception and Cocktail Party for dinner guest 
7.00 pm—Ball Room 
Annual Fellowship Dinner 
Toastmaster: D. R. Loughrey, Jones 
Steel Corp., Pittsburgh 
Speaker: Major General John B. Medaris, Chief 
f Army Ballistics, Missiles Agency, Redstone 
Arsenal, Alabama 


& Laughlin 


Pig tron 
} Lesher 
Ishipe Micl 
Paconitd 
and | 
Link 


National Open Hearth Steel Conference 


Div. Metallurgist, Iron and Steel, Kaiser Steel Corp., 


Monday, April - Fontana, Calif 


Review of paper——-Continuous Casting of Three Types 
G 1s : of Low-Corbon Steel (presented at AIME Annual 

enera ession Meeting, New Orlean 1957) L. E. Kraay, Open 
10:00 to 10:30 am—Ball Room Hearth Assistant Superintendent, Inland Steel Co., 
East Chicago 


Welcoming Remark D. R. Mathews, General Mana 
Primary Production, Alan Wood Steel Co., and Prepared Discussion: Rufus Easton, Manager, Continu 


gel 
General Chairman, National Open Hearth Steel Com ous Casting Section, Freyn Dept., Koppers Co., Pitts 
mittee, AIME burgh 


R. Clark, Atlas Steels Ltd. Welland, Ont., Canada 


Announcements and Re port 


Memune Award Paper Analysis of Molten-Steel Flow Rates Through Refrac 

tory Nozzles: C. H. Martin, Mold Yard Foreman, No 
2 Open Hearth Dept., and H. L. Taylor, Supervisor, 
Field Development Section, Research and Develop 
ment Dept., Inland Steel Co., East Chicago 


Basic Operations Session 
10:30 am to 12:15 pm—Ball Room 


Discussions By: C. R. Taylor, Supervising Metallurgist, 


Chairmen: J. F. Pollack, Superintendent, Open Hearth Research Laboratori Armco Steel Corp., Middle 
Dept., Jones & Laughlin Steel Corp., Pittsburgh, and town, Ohio, and B. M. Larsen, Research Supervisor 
J. L. Walton, Assistant General Manager, Bethlehem United States Steel Corp.,, Monroeville, Pa 
Steel Co., Johnstown, Pa 


Methods Juring Forces nterruptions in Open 
During per High-Speed Movies Showing Flow Characteristics of 
Hearth Operations (A Symposium on Results of In ons , > 
, . Liquid Through Nozzles: J. B. Wagstaff, Physicist, 
dustry-Wide Questionnaire): George Ferris, Super R United State 
esceare zaborato bite ola Ss 
intendent, Open Hearth Steel Div., Ford Motor Co., “ 
Monroeville, Pa 
Dearborn 


Results Obtained From High Firing Rate Keith 
Moore, Superintendent, Open Hearth Dept., The Steel 
Co. of Canada Ltd., Hamilton, Ont., Canada 


Factors Affecting Heat Time T.A Jr., melter 
foreman, Youngstown Sheet & Tube Co., Youngstown 


Cleary 


Refractories and Masonry Session (I) 


2:00 to 5:00 pm—Ball Room 


Acid Operations Session 
; Payer Chairmen: H. C. Paxson, Supervisor, Masonry and La 
10:30 am to 12:15 pm-——Monongahela Room bor. Lukens Steel Co., Coatesville, Pa., and George 
Anthony, Ceramic Engineer, Youngstown Sheet and 
Tube Co Young town 


Chairmen: fF. H. Allison, Jr., Vice President, Research 
Associate, Rolls Div., Blaw-Knox Co., Pittsburgh, and 
R. M. Barnhart, Melting Superintendent, Alco Prod- 


ucts Co. Inc., Latrobe, Pa 
New Approach to Open Hearth Maintenance: E. W 


Effects of Improved Combustion Conditions in a Small Hunziker, Div Superintendent Open Hearth and 
Cold Metal Shop: G. M. Hagenberger, Open Hearth Foundry, and M. E. Strate, Assistant Div. Superinten 
Dept., Standard Steel Works Div Baldwin-Lima dent of Maintenance and Utiliti Columbia-Geneva 
Hamilton Corp., Burnham, Pa Steel Div., United States Steel Corp., Salt Lake City 


European Methods of Acid Steelmaking ? eras . 
H Pre-Fabricating New Fronts for Open Hearth Furnaces 
menko, Senior Engineering Scientist, New York Uni 
Saves Time and Money: A. W. Schoenebeck, Super 
versity, New York 
: intendent, Maintenance and Construction, Granite 
City Steel Co City, I 


Granite 


Physical Chemistry of Steelmaking Open Hearth Roof Patching: C. L. Meloy, Engineer 
Research Dept., Bethlehem Steel Co., Bethlehem 
Luncheon 
Prepared Discussion By: R. F. Moore, Ceramic Engi 
12:30 pm—Parlors E and F neer, Pittsburgh Work Jones & Laughlin Steel 
Pittsburgh 


Corp 


Operating Metallurgy Session Effect of Banding and Oi] Impregnation of Nozzles on 

2:00 to 5:00 pm— Monongahela Room Pouring Performance: A. Sonz, Ceramic Engineer 

Development, and R. N. Ames, General Supervisor 

Chairmen: D. E. Babcock, Metallurgical Engineer, Re Ceramic Development, South Work United State: 
public Steel Corp., Youngstown, and J. E. Tredennick Steel Corp., Chicago 
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or Hot Top Lining 
an No. 1 Open Hearth 


Quality Control Dept 


Open Hearth 


National Open Hearth Steel 
Executive Board Dinner 


Tuesday, April 9 


Refractories and Masonry Session (II) 


am te 15 pm-—Ball Roon 


(Chairmen | ike 
Ford 


superintendent, Ma 
Dearborn, and E. B 
Wheeling Steel Corp 


Soren 


Flat Ba 


Open Heart 


vutting 


(Open Hearth, Inland 


Roof ¢ W. Craven 
feopublse tee] Corp 


Cold Metal and Basic Foundry Session 


" ! \ epheny Roon 
hairmen superintendent, American 
United State Steel Corp 
and K. P. ll, Div. Metallus 
steel Diy Armco Steel Corp., Houstor 
leration n Cold Metal Charging at 
ROH. Farr, Steel Works Div. Metallurgist 
Steel and Wire Div., South Works, United 
Corp., Worcester, Ma 
Production in a Cold Metal She p .. 
Plant Metallurgist, Washburn Wire Co 
of Basic Lined Runnet lnthony 
superintendent, Open Hearth, Keystone 
Wire Co, Peoria, Ill 
\ids to Open Hearth Repau Wei 
lent, Masonry sheffield Steel Div... Armco 
Hloustor 
f an All-Basic Furnace in a Cold Metal 
H. Somme i President and General 
land Wire Co., Peoria 


shop 
Superinter lent, Ke 


I} 
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Chairmen: J. fF 


Operating and Combustion Session 


2:00 to 5:00 pm—Ball Room 


Chairmen: P. G. Sammett, Open Hearth Superinten- 
lent Armco Steel Corp Ashland, Ky and R. G 
Phelp iperintendent, No. 3 Open Hearth, Inland 

‘o., East Chicago 


Firing Practices in the Open Hearth 
E. Goodin, Combustion Engineer, Granite 
Granite City, Ill 


William Wood Oper Hearth Practice 


impbell Work Youngstown Sheet and 


Youngstown 


ontribution of Bath Temperature Control to Improved 

Open Hearth Production Rate W. J. Flynn, Assist 
it to Div. Superintendent, Steel Producing Div 

W United States Steel Corp., Gary 

Influence of Open Hearth Combustion Practice on 
tute of Heat Transfer as Determined by Use of the 
Hot Model Tech que J. S. Richard Chief, Steel 

ig Div Apphed Research Laboratory, Unit 
Steel Corp., Monroeville, Pa 


ind Operation of Open Hearth Furnace in 
ralia, 1957: R. L. Knight, General Superinten 
Steel Production, Broken Hill Proprietary Co 
Melbourne, Australia 


Physical Chemistry of Steelmaking Session 


to 5:00 pm—Allegheny Room 


Elliott, Associate Profe or of Metal 
rp Massachusetts Institute of Technology, Cam 

e, Ma and R. C. Madden, Chief Metallurgist, 
Alvorna Steel Co. Ltd., Sault Ste. Marie, Ont., Canada 


ignificance of ¢ Herty, Jt Work to Modern Steel 
Practice G. R. Fitterer, Dean, Schools of Engineer- 
ng and Mine and Director, Engineering Research 
Div.. University of Pittsburgh, Pittsburgh 


irrent ¢ oncept ol Open Hearth Slag Control M. W 
l ghtner Vice President United States Steel Corp 
ptt 


cences of Herty Activity in Industry: J. E 
Assistant General Manager, Lackawanna 
t4othlehem Steel Co.. Lackawanna, N. Y 


Annual Fellowship Dinner 
Tuesday April 9 
6 30 pm—Urban Room 
eption and Cocktail Party for dinner guest 
7 00 pm—Ball Room 
Annual Fellowship Dinner 
loastmaster: D. R. Loughrey, Jones & Laughlin 
Steel Corp., Pittsburgh 
neral John B. Medaris, Chief 
iles Agency, Redstone 
enal, Alabama 


Kepubli tee! Corp., Cleveland 
} f Cast Refract 
7 J. Tat ek, Practice Fores 
LA. T. Pete Metallurgis|, 
ly nd te Fast Chicago 
Prepared Discussion By: H. W. Clark, 
Vietu it Div Ford Motor Co Dearborn 
Yew Trends | 
4 Furnace J 
{ 
hee, 
i OO p Park Room. Lobby Floor Pube 
| es Engineer Desig 
teuber lle. Ohio \u 
‘ Hep Lol \ll-Basic Furnace Harrod tent 
taunt superintendent, Steel Productior Ltd 
ith Wort United toute steel Corp., Ch 
| ‘ Hey ton Hasic Construction 
ce President and General Superintendent, Key 
ten d Wire Cr Peoria, U 
Report on Roof J. F. Poltlact 
Steel Corp,, Pittsburgh 
\’ ‘ Report on Flat Basic Roof: Levi Yage Oper 
Hlearth iperintendent Laclede Steel Co Alton, Il 
‘ Keport on Flat Basic Roof 
teed Co hast Chicago 
|’ Key ton Sprung Basu 
tant Director Manaypes 
Cleveland 
/ ‘ aing of Abowe 
Re ri 
‘ j 
I nt 


TAYLOR 
ZIRCON 


on 
gives 


LOWEST 
LINING 
COST 


for induction furnaces at Carondelet Foundry 


Careful cost accounting at Carondelet Foundry, St. Louts, Vbo., 

has shown Paylor Zireon Noo to be the lowest 

cost ling for them two LOOO-Tb. high) Lrequeney 

TYPE OF LINING melting furnaces less than \s the cost of previous ling 


innannitn — materials used, as shown by their cost records, reproduced 


alumina spinel No. 717 Ramming Mix at left 


foundry melts a wide variety of steels, principally 


Representative 54 
nickel-chromium and straight chromium stainless. Pour- 


No. of Heats 62 
mg temperature ts | In addition to the cost 
Total Lbs . advantage, Carondelet finds there is less slag build-up 
of Metal 
5 with Paylor Zireon and the ling i readily cleaned, 
Hf foundry melts similar stamless steel alloys, 
Average 
it wall pas you to test lavlor Zireon longs. Write 
Lining Cost . 
per pound us. or contact the Taylor field engineer in your 


of Metal area for detasled information 


Exclusive Agents in Canada: , . © The CH AS. TAY LOR SONS (.. 


REFRACTORIES ENGINEERING AND SUPPLIES, LTD. é 
Hamilton and Montreal A SUBSIDIARY OF NATIONAL LEAD COMPANY 


REFRACTORIES SINCE 1864 © CINCINNATI © OHIO « U.S.A 
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1000-18." high “frequency Indvetion 
furnace at Carondelet Foundry, $1. Louis, 
Furnace lined with Tayler Zircon {| 
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Local Sections has incre 
1956. As I 


Local Section 


mentioned 
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oul ure 
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devoted it 
two proble Ith 

tudy 
of 


for 


internal 
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iderath 


oul Or} 
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to the 


t important 


ha 
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being a 
tudy 
ite 


organization Secondly, a 


new headquarter 
Founder 


electing a 


fellow societie 
The New Structure 

the first 
adopted new sylaw 
for the Insti 


work on problem, the 
February 24 3 
Phese By provide 
nto three Societe the Society of 
Metallurgical Society, and the 
Engineer These Societi re 
of the Institute. In addition 
vVlaws of each of these three 
tanding that certain change 
by the Board of Dire¢ 
time either upon 
Soard of Dire: 
effective 
olution 
that we 
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it 
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under 
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tute n order 
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| FIND words inadequate when I try to tell about Our inlerest In 1 li i ii irr 
the wonderful experienc ‘ friend 1 thins Engineeriu Pru $491,642. A 
Il have learned about the neral industri is Pre letailed discu in be found in 
lent of the Institute. However, I feel somewhat like official AIME A 
if der triend of mine vho reluctantly took } first econdl rie 
i plane ale with me That night in the hotel roor rate Much ere 
he looked up and sami You Kmmm, think air tran of su 
portation here to sta I have the same feelin, ear, our total 1 
bout our Inetitute ind enpineeru mn the mineral in increase ol 
rnclustric We ire fhiere to sta ‘ bership ‘ 
{ During the ear I had the pleasure of visiting 36 ispension re 
ectior na ibsectior extendir fre \laska 1 the pi 
I da and trom Boston to an Franciseo, the fall $4 pet as co 
f the Petroleum HBranect n Lo thie It 
klectric Furnace Con in Chicawo: the prot onal 
eotir of the Subsectior or Joint Cour 
bike ection ut Sprin the Rocky pet of Ul total It 
Mountain Minerals Cor per, the Institute epresent i ‘ 
of Metals D on of the Pitt n th country 
beta } ection Open Hearth steel Third, the number of 
Committee in Pittsburgh fre 69 in 1955 to 73 
: ear | had very idea ousi I feel that 
other s« ents of the te actually f portant part ¢ 
HBranel lhe lieve no t time prin paily 
In fact, there ery The first and mo 
However, each funetions in accordance with the wisi the problem of = 
ma ood of particular member Sore ire un the Institute 
loubted ore effective than other convinced 
that all can be improved and that the new national 
reanization etup will provide for Ber Section 
nat poreuate el ce to the ndividual member i result ol 
It fir belief that the Local are the Board or inda 
mportant part of oul Iristitute The three new for the Institute 
crete National It tittite can only ustil tute to be di 
thee existence by rendering a set ce to these Section Mining Eng 
rick the ociety of 
place the three | 
Mut before | disc organiza and problen with t! 
the Institute l vould ike to report nterna i tye ide oin 
ealth of the Institute te of the Instit 
First, tinancially we have had a satis ycu eco lation 
’ The Institute ha le to carry on exXpdiinm” tors of the Insti 
wl ever before orgal ition. It 
wh a nore rey ind larger volume of of ar inanticly 
published technical paper ana it’ thy tirrie Vill have 
i lived tl t budpet Director the 
the three Branche publi nm The? Byla 
ournal technical paper comprisil | page (our of Sects 
In addition, these papers will be J in the a strong and « 
Prag wetiol f euct franch }? 
; Ou ear was also satisfactory from (imal view i Council of Ee 
point. Our total income amounted EI IZ! Fy these two subject 
expenses were $860,856, leaving a ss of I feel that this new « 
| ht add that each Branch of the Institute ope ted pared tf inew plant u“ 
vithur t me and contributed almost new compan there are 
thre irplus of $14,111 Qur endowmei custodiar proble The future of 
funds now amount to $1,552,684, an mmmpase of $129 el ve meet and so 
4a I} represents the value of our investment it The Board of Director 
ost to u the have i Value on the pre ! to thre elect {fa 
ent dav market probler vas most difficult 


The Institute 


Tuesday, Feb. 26, 1957, at New Orleans) 


other Founder Societies through the 
mechanism of the United Engineering Trustees, and 
elect a site that was mutually acceptable to all I 
indeed if I did not acknowledge the 
venerous offer and interest displayed by variou 
groups of civic-minded people in New York, Pitts 
burgh, Philadelphia, Chicago, Washington, D. C., 
Shreveport, St. Louis, and Kansas City. Each of these 
engineering profession high praise in 
substantial contributions to a new 


york with the 


would be 


cities paid the 
offering to make 
engineering center 


A New Headquarters 
The responsibility of representing AIME on the spe- 


ial Task Committee of the Founder Societies and 
AIChE was placed in the hands of our most able and 
respected immediate Past-President, Henry DeWitt 


Smith: Harold Decker, a Vice President of the Insti 
tute: and Clyde Williams, also a Past-President. 1 
cannot pay Henry DeWitt Smith too great praise for 
the outstanding leadership he displayed in reconciling 
the emotional and factual factors that were generated 
in the consideration of this problem 


This Committee had its first meeting on Oct. 10, 1955 
ind on June 22. 1956, brought in the following report 


& The Engineering Societies Center be located 
in 


New York City 


& The 39th-40th Street site be continued in use 
as the site of the Engineering Societies Center 


If rebuilding in that area proves impracticable, a 
comparable ite should then be ought in midtown 


New York 


We uggest that the governing boards also adopt 


« further recommendations for inaugurating action 


th 


& The United Engineering Trustees Inc. be au 
thorized to take proper legal action for expan 
ion by the addition of the American Institute of 
Chemical Engineers to the incorporators when 
properly qualified 


& The United Engineering Trustees Inc. be au 
thorized to raise money and accept contribution 

accept the offer of the Kelly Committee—quoting 
from Dr. M. J. Kelly's letter, his Committee 
made the following commitment: “We assure 
you that a well organized, diligent, and compe 

tent effort will be made and continued until the 
required sum is available”—place contribution 
in UET capital fund assets; employ architects 
enginee! and attorney let contracts for recon 
truction of the present Engineering Societies 
Juilding and/or a new building or buildings; 
pay all costs out of the capital fund assets; and 
operate and maintain the new Engineering So- 
Cente! 


crete 


® The plans for the new and enlarged Engineer 
ing Societies Center be made with ample opti- 
mism with respect to the future growth of the 


(Presented at the Annual Meeting All-Institute Technical Session, 


EDITORIAL 


five Societies immediately involved. These facil 
ithe hould be such as to attract and hold all of 
the engineering prof ion, thus fostering unity 

and cooperation along the broad line 

The Four Societies constituting United Engineering 
Trustees Inc. (AIME is one of these four 
approved the recommendations by the end of 
September 1956. The American Institute of ¢ hemical 
Engineers approved recommendations | and 2 and sig 
nified its desire to i member-body of UET Ine 
By the end of November 1956, UET and its four men 
ber Societies had agreed upon arrangements by which 
AIChE would become a member-body of UET Inc 


Socteties ) 


above 


become 


Progress, Plans, and Proposals 
The first important problem ftacing UET wa 
termine the feasibility of developing the present build 
ing site on West 39th Street in cooperation with the 
Engineers’ Club which faces 40th Street. Shreve, Lamb 
& Harmon Assoc. were retained as architects and they 
ubmitted two proposals at the end of November 1956 


to ade 


One proposal uahlized razing the present structure 
and erecting a new building The New York City 
etback ordinances made it impossible to carry out the 


plan satisfactorily and it was rejected. The econd 
proposal visualized using more of the present building 
envelope but reconstructing the interior enlarging and 
modernizing it, and erecting a building in acee pace 
to 40th Street on the assumption that the necessary 
ecured from the Engineet Club. The 
proposal included two stages, the first providing 189,000 
q ft of net usable pace on the present ite and the 
Club land; the 3,000 sq ft by taking 
additional property on 39th Street Thi 
ubmitted to two reputable construction companie 
for cost estimate The two estimate received late in 


January, were very close, and revealed that the cost 


land could be 


econd adding 
propo al wa 


rehabilitation wa o high that the use of the present 
ite seemed unwise Phe reconstruction would require 
adding additional costs of moving 


for from Il to 2 yeat 


moving out, thu 
out, rent at commercial rate 
and moving into the rehabilitated building. These cost 
factors and the fact that the result would be a remod 
eled makeshift that attractive 
reason for ecuring new fund vere discussed at two 
meetings of UET Inc., and on Feb. 12, 1957, the trustee 

decided to abandon plans for the present site and to 
eek a new one. Active steps are under way to that end 


In June 1955, Dr M. J. Kelle president of sel 


would not provide an 


Telephone Laboratori Irie organized a committee of 
engineering leades in industry and education whiel 
offered to aid the new Engineering Center by raising 
construction fund Upon the appro al of the recon 

mendation of the Task Committee, UET Inc. immedi 
ately invoked the aid of Dr Kell ma ni committee 

Dr. Kelly responded by organizing his fund-raising 
progran which he hope to have mae! Nia before 
ummetr To do so, the ite 1 ist be elected and firn 
floor space needs determined for the occupants of the 
present building and for other ociete who wish to 


take space in the ne building. The deadline for theses 
determinations is Apr. 1, 1957 


(Continued on page 576) 
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ame relatl { 
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gnition it 


a rise ot 
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out has been obvious to 


e ECPD 


make 
effort to solve 


ion in an 


result n January 


must be given 


a broad sur- 


of 1956 EJC 


it cormmittee with ECPD to explore the 


to vyhetnher or ! i irvey 


profession should be mad 
ECPD-EJC joint committee made 
recommendations in September 1956 
the propo ed ury 


outlined in ther 


people 
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acceptans 


tracts 


tablishment of 


of the engl- 
the following 


of the Eng 
report dated 


a joint ‘PD- 


engineering pro 


it funds be authorized for the 
Once solid support on the part 


demonstrated, there 


is indication 


vill provide ibstantial underwrit 
ubsidy of $50,000 from the societies 


Board of Directors has authorized an expendi 
$7500 as AIME’s proportionate part of this pro 


iditure. It is estimated that 


million and require at le 


it will cost on 


ist two yeal 


a survey of the engineering profession 
oint committee of EJC and ECPD suggests the 


hment of i committee on tne 


engineering profession under the joint 
ECPD and EJ I think it is time for u 
onal Society ¢ Professional Engineer 

idd that lam n member of this Society, 


it Nati 


urvey of the 
auspices of 
to recognize 


il force in th iw world. I would 


they thi 


ven more important, in my 
Directo f the Institute 
part in Uu proposed 


group effort 


opinion, that 


take a definite 
activity. Fur- 


thermore teps should be taken to keep the member 


hip fully informed by regular report 


in the journal 


the Institute. One of the great weaknesses of EJC 


id ECPD in my opinion 1 that the 


the member ocreti have 


e of the plan or actions of the 


rank and file 


little or no 
e two organi- 


On the other hand, the NSPE has representa 


on thre gra root teve and can 


irther evidence I recommend that a trong and activ 


ul Medicine 1 ittee be formed in our Institute to study, 
Also, that our 


et the medi 1ide our activities in ECPD and EJC 


act with force 
knowledge of the iti membership 


Joard com- 


review, and 


representative in these two organization work in 


cooperation and under the guidance of this committee 
mand, have Furthermore, this committee should keep the Board of 


f elects Director full informed of thei action 
nd aeronau Board of Director hould provide a me 


In turn, the 


ans of inform 


ifYerentiate ! the Section wir actions and obtain counsel 
the Sections of the Institute. Perhaps there is a 


to do thi but I at least feel 


it is my duty 


problen » your attention, hoping that as a 


can take ul advantage of 
Otherwise I an ifraid that w 


this proposed 
will have an- 


ine report about the engineering profession 


to a few, and complete! 


f knowledge and understand 


vith u n the Engineers Joint 
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by the 240,- 


d that ome ‘ of the Institute ept il construc er necring is to get tne eneral ree 
he tolerant jesire t ist first achieve for itself 
ont in correcting and ed its own unity and give effective org 
isting the « hier that we may continue to expression to it 
‘ © to the jual member u 
neo nrote ‘ oor rie na 
tion of the national orgenizetion—AIMl that we The need Dr. Lewis points 
perpetuate al « dy national leade ul engineers for some in 
‘ econd tod we i t ‘ ber f the er ‘ of the engineering prot 
ence that « h of u eythe i ndividua or acting questior es 
ecopnition not as we demand but as we deserve 
Phere no doubt that i! people know little of 
the word engines ipplied to so many kinds of necring profession 
fi the f« he tend thie ipartment eptember 1956 
; house boiler to the n who drives the locomotive to 2) They endorse the sii” 
the draftsmar ‘ th irawil board and or ip EJC committee on a survey of the 
rial yonder that hen prote nal enginect tart or 
‘ vhat all the rurmpu ibout Furthermore il nitiation { the urve' 
ost oup cal et topwethe ind call themselve ot the 
! An immediate 
Here I ould like to quote recent speech of my ipgested 
i d frend, D W. K. La Professor Emeritu You! 
However, the important thing is not what the posed exper? Js 
public ibout u but what we thint the order 
af feel there ive ital matter in The 
vhich « fail to mensure up t full pr le onal est ee 
tature The first of these engineering horteor 
is that hile oul ocial respon 
} the publi interest ve interpret that 
responsil far too narrowly group a 
piri te full prof onal tutu ! ist cept ay 
respor tv for leadership in evel phase of wrest that 
its area of specialization Thus, the pl cian | ‘ tudy 
nterested not onl n the health of the patient But it is ¢ Po 
curative and preventive, public and private, Un nd nst | 
: example, the production of goods has its human Ses 
the engineer perfectl Hing to be held ac ee | 
countable but hi ittitucde i im engineer 1 be 
his busin If the engineer hopes to secure it ee 
change 
Unfortunately, ther Te 
ful pecialized as enginecril 
cal profession has its great professi ee 
We et ret on the other 
cal and metallurgical, of chemical 
these oups are techniques. Our ve 
lormonstrate il wk of breadth in pro better wa 
have bea m the lirection of result 
nal engineers, but these are merely associa known oly ie 
tate, and such a the qualification for 000 engineers 
membership. We have the FE neers Jomt Coun Council 


EVERAL years ago experiments were conducted 
at Inland Steel to correlate coke performance in 
the blast furnace with the chemical and physical 
properties determined by the conventional tumblet 
tability and hardne test The blast furnace 
itself proved that certain coke even though 
possessing excellent test ratings, adversely affected 
production, particularly 6 to 8 hr after being 
charged. Obviously, the coke passing muster at room 
temperature was failing in the highly critical tuyere 


zone. The reduction of blast volume, which wa 
normally done several hours after charging, indi 
cated that coke was degrading somewhere above the 
tuyere thereby decreasing the volume of voids and 


consequently preventing the penetration of gas into 
the tock column 


Temperature and pressure appear as the most 


likely cause for decrepitation of the coke particl 

Effects of abrasion and impact crushing uch a 
occur in the tumbler drum, were discounted since 
the burden, which at this critical tage consist of 
liquid slag, molten metal, liquid metal oxide and 
olid coke, represents a gradually movu bed set 


tling toward the hearth of the furnace. Therefore 
a high temperature compression test was designed to 
predict coke performance in the blast furnace 


High temperature compression tests were carried 
out on coke produced and used at the Indiana 
Harbor Works of Inland Steel Co Test Were also 
made on everal coke purchased fror outside 


ource ind correlatior were nade vith actual 


Blast Furnace Coke 
Tested at High Temperature 


Blast furnace operation has shown that certain cokes, even 
though possessing excellent tumbler stability and hardness 
test ratings, adversely affect production when reaching the 
highly critical tuyere zone. These discrepancies have led to 
the development of a high temperature compression test. 


by Michael O. Holowaty 


and Charles M. Squarcy 


blast furnace performance on each type of coke 


Chemical and physical characteristics of cokes in 


cluded in this program are given on Table I An 
thracite was included because of the interesting re 


ults obtained with this material in the investigation 


of the heating characteristics of bituminuous coal 


Room temperature compression tests were con 
ducted to determine the magnitude of pressure 
Which would be required in the high temperature 


test, and all cokes were subjected to this test. Sam 


ples were prepared from pieces of various cokes and 


run on a Baldwin tensile machine. A’ cube vith 


edges measuring approximately % in. wus sectioned 


from each piece, precautions being taken to take 


ample from the center portion of the coke, in 


order to assure freedom from cracks and fissure 


The raw sample was then carefully ground to a 


l4-in. cube of close tolerance Results obtained in 


the cold compression tests are given in Table Il 


The high temperature compression test 
High temperature tests were conducted at 4000 


in a nitrogen atmosphere. This is the approximate 


temperature which prevails in the zone just above 


the tuvere the most critical stage of the blast ful 


nace proce where coke represents the only solid 


M O HOLOWATY and C. M SQUARCY are Chief of Raw 
Materials Research and Manager of Iron Production, respectively, 
at the Indiana Harbor Works of Inland Steel Co, at East Chicago, 
ind. This paper is to be presented at the AIME Blast Furnace, Coke 
Oven, and Raw Materials Conference, Pittsburgh, April, 1957 
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thu controlling 


productiv 


were conducted in the apparatu hown 


kip | An alundum sleeve located between the 


iphite crucible and the original melting crucible 


reduce thermal shock on the latte ince no 
iquid metal charge was used. The graphite crucible 
with a heavy %4-in. thick 


equipped with three holes. The large 


provided vraphite covet 
center hols 
and the 


incline of 75 


occupied by the pre ire rod 
in. hole, drilled on an 


temperature determination by an optical 
el The covet 
hole to accommodate a porcelain tube de 
veri di nitrogen to the ystern. The 


duct if Wall of the crucible 


also provided with a small 
nitrogen 
permitting nitro 
reheated prior to entering the ampl 
chambet The pressure rod | 
and the les 


Testing Procedure: Test 


made of electrode 
ave ratio is 1:2.64 


pecimen are 


eraphite 


imilar to 
except that the 


ired only ly ith 


those used in cold compression test 
high temperature test cubs mea 
Reduction of 


ample ive is nece ary becuuse of the 


pre ive required for destructive 
coke The 
the 


rucible the prune 


pecimen 1 placed on tne 


vraphite ver is placed 
between the 
and the refractory melting cru 
heat 
lowered and 
o that 


time 


vith magnesia sand to reduce 
ion rod | then 
counterbalanced with lead shot 
appled to the 
ial compre ion test at 
tarted and the 


min before the power | 


ample at any 
{000 F 
entire ystem 
turned on 
through concentrated sulfurie acid 
de 


the re 


iccating material to dry it and 
idual acid particl After purging, 
raised 
which take 19 to 20 
maintained while pressure 


into the 


powell turned on and the 
O00 or slightly 


temperature 


temperature 
above 
adit pouring lead shot slow! 
mtumer, A lever 

collapse of the addi 

hot is discontinued at once. The powe 

turned off sthe allowed to 


coolin the nitrogen atmo 


udden plunge of the 


ample, and the 


entire ystem 1 
phe 
Test Results and Evaluation: Test made on 


ust four iniple of each coke their results are 


1 It might appear that these result 


Fig. |—Schematic diagram of experimental high temperature 
coke compression testing apparatus 


are far beyond the values which coke would encoun 
ter in its downward travel in the blast furnace shaft 
This would be true if the coke particles were cube 
or other regular shapes neatly arranged within the 
However, metallurgical coke 


of variou izes and 


con- 
with 
mall 


furnace burden 


ists of particle shape 


harp, jagged edges which expose relatively 


areas to the weight of overlaying burden. This con- 


dition can easily produce pressures immeasurably 
higher than those which could be arrived at by 
mathematical analysis of the stresses and loads in 
the burden consisting of geometrically well defined 
hape 

indices of all cokes are 


room temperature. Thi 


Compression strength 
higher at 3000°F than at 
increase was quite pronounced in all cases inves- 
tigated. In addition, the 
ults was consistently higher for the room tempera 
ture tests than for the 3000°F tests. Thi 
indicate the existence of a process of homogenation 
when coke is heated to 3000 F in a 
atmosphere. Structural 
lographic changes of the heated coke 
vestigated, but it appears that cokes do undergo a 
definite proce of crystallization in which the in 


tandard deviation of re- 
eem to 


which occu! 
nonoxidizing and crystal 


were not In 


carbon is transformed into graphite 


known also from inve 


homopgeneou 
proce tigations con 
ducted recently abroad.’ 

Comparison of the data presented in Table I indi 
trength 1 


tability or hard 


that the high temperature 
ently not controlled by either the 


cute appal 


Table | Chemical Composition, Tumbler Test Results, and High Temperature 
Test Data of Experimental Coke Series 


Chemical Analysis, Pet Tumbler, Pet 
Vel Stabil Hard 

oke Sample Mat ity ness 


High Temperature Strength at 1000°R In Psi 
Test Nambers 


‘ 
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alerial of the burden, the pe 
meability, and hence the of the blast A 
furnace 
ae 
r 
ad 
Ne 
relatively 
m top of the 
j ipotiite i emi 
fille 
mmediuatel 
rie pore j 
porte 
Nitrope 
fe 
Nitroven 
md uw 
toipitol 
the 
te 
le 
“a 
1N t i m2 “oo “674 ang 212 5300 
‘ “aso wl 4007 1222 4244 4050 
Hatt No ¢ ‘ 4 2 0 
A Hiv Product “41 85 202 9250 b) 320 
Coke Beehive we 0 28 58 vou 1900 
‘ he Heel ‘ 2 9 20 476 78 07 492 1250 
‘ Lrithracite 4 11 a7 ou 6120 940 
pet Poeah tu 65 pet Wheelwright ¢ 
pet Pocahontas, 40 pet Wheelwright, 25 pet I Cos 
ini 


Blast furnace pressure charts for test periods. Fig 2—(top) 
Chart for Period | using H coke Fig. 3—(middle) Chart for 
Period I! using C coke. Fig 4—(bottom) Charts for Periods 


11! and IV, using A coke 


ne characteristics of coke as determined by con 


entional mean 


Blast Furnace Evaluation of Test Cokes 


The purpose of the high temperature tests was to 
predict the performance of the various cokes in the 
blast furnace 

Interest initially was centered on the so-called 
Inland-Illinois coke (Tables I and II, item No. 8) 
made from a blend of 40 pet Wheel- 


wright, 35 pet Pocahontas, and 25 pet Illinois coal 


which wa 


Stability and hardne indices of this coke were 
lightly better than those of the tandard Inland 
coke made with 65 pet Wheelwright coal and 35 pet 
(Tables I and II, items No. 1 and 2) 
High temperature compression 

ever, revealed that Inland-Illinois coke was consid 
erably tandard 
Inland coke and produced an index of only 3350 psi 
i of the standard Inland 


Pocahonta 
trength tests, how 


weaker at high temperature than the 


as compared to plus 4200 p 


coke. This would indicate that performance of thi 
coke in the blast furnace would not be as good a 
that of standard coke Operating result howed 
this to be true, for blast pressure on the furnace 


burdened with Illinois coke began to rise 6 to 6 hi 


ufter charging and required a reduction of blast 
volume This resulted in an overall production de 
crease of approximately 2.4 pet over a period of one 
The furnace returned to norma! blast pre 

ures and volume after changing to standard coke 
The reliability of the high temperature compre 

ion test was evidenced in the blast furnace perform 


month 


ance data collected during four separate period 
with the purchased cokes, Selection of the test period 
wus based on burden data of individual furnace 
which at times included as many a ix different 
coke In order to establish the effects of the specific 
cokes, an attempt was made to cut out periods du 
ing which the coke in question constituted the major 
fraction of the fuel burden 

Blast furnace No. 2 has a 19 ft diam hearth and 
au working height of 66 ft, while No. 3 blast furnace 
has a 17 ft 3 in. hearth and a working height of 
69 ft 2in. Using Inland coke with a high tempera 
ture compression strength index (HTCSI) of plu 
$200 as a standard, individual test periods of the 
everal coke 


were compared as to index and pet 


formance 


Test Data on Cold Compression Tests of Selected Cokes 
Psi 


Table II 


Ave 


2000 


Period No. I: H Coke (Beehive)—83.3 pet of the 
fuel burden in blast furnace No. 3, April 4-7, 1956 
(HTCSI 3900 psi) 

Operation was entirely smooth, and production wa 
atisfactory, rising gradually in proportion with in 
creasing volume of blast. No difficulties were en 
countered with burdening. Optimum production 
reached on April 6, (100 pet fuel burden) indicate 
that this coke is entirely satisfactory for the opera 
tion of blast furnace 

Period No. IH: C Coke 
fuel burden in blast furnace 
(HTCSI: 1250) 

Strong irregularity was ¢ 
after charging the coke into the blast furnace. Con 


(Beehive) 50 to 95 pet 
No. 2, Jan. 20-22, 1956 


xpernenced 6 to 8 hi 


tinuou kicking occurred, with pressure rising to 


ibove 25 psi which neces 


Plugging of blow pipe 
itated cleaning of blow pipes and changing of one 
tuyere on January 21, resulted in production lo 
of approximately 340 pet Blast volume had to be 
‘radually reduced from 54,000 to 44,000 cfm. Fut 
nace returned to normal after replacing © coke with 
tandard Inland coke, Plant No. 2 


Period No, Hh: Coke A ( 
pet of fuel burden on blast furnace No, 2, Jan, 22-31 
1956 (HTCSI: 3200 psi) 

Operation was irregular about 10 hr after charg 
ing with the pre ire building up gradually to ap 
proximately 22. psi Furnace operated proper! 


ifter this coke was withdrawn. Difficults includ 


Ing trong kicking reoceurred on charging coke 
from the same shipment on Jan. 40, 1956 

Period No. IV: Coke A (Byproduct). Average 
pet of fuel burden on blast furnace No. 2, Feb. 4-6 


1956 (HTCSI 9290 psi) 
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ber Coke Test t Test? Test | 

i hb 

Standard Inland Coke 4160 2072 2508 

1 Coke A By Product 440 wi20 4180 4450 

Coke H Beehive 1592 1748 #24 

7 Coke C Beehive 1284 1028 

| 

a* ee 

Boot 


Operation wa mooth and production normal 


th tendene lo increase after day when large 


ol CORE were The COKE appe al 


atistactory for n the blast fur 
Discussion: Discrepancies between the high tem 
ASTM 


clearly by performance of 


ire trength test and conventional 
furnace 

ving a tumble ability index of 

hardne index of 57.8, displayed a much 

furnace than H 


ch had tumbler ubi y of 286.53 and a 


rlormance in the blast 
hardne of 55.4. Thus, performance can 


indicated by tumbler stability and hardne 

‘ but performance might well be 
by differences in the HTCSI of C coke 1250 psi 
and H coke 


ution it Appear 


explained 


900 psi. Judging from these consider 
that neither the C coke (period IT) 
the A low range coke (period No. II) are sat 
lactol Ubstitute for yood metallurgical coke 
The only which approach metal 
lurgical coke quality are the H coke (period 1) and 
one fraction of the A coke (period IV) 


investivated coke 


Variation il performance of the A coke are of 


particular i t, becuuse the conventional test 


ing method no explanation for this phenome 


5 4 5 
HIGH TEMPERATURE COMPRESSION STRENGTH in pe 


Fig 5-—Affect of high temperature coke strength on produc 
tron rate of two Inland blast furnaces 


<periment how that there is a high de 
between high 
ert and blast 


orrelation temperature 


furnace output. In 
finding eem to support the concept 
on decrepitation of coke in the high 

ure zone: 1) the first acting-up in the blast 
burdened with low 

6 to LO hr after the change over, and 2) the 


nant of 


trength cokes occurred 


dust produced, and its carbon content 


entially unchanged during the period 
Point | indicates that 


given coke ts its per 


urdening with weak coke 
criterion for evaluating a 
rmance in the high temperature zone of the blast 
furnace which is normally reached in the indicated 
period of time. The 


flue dust produced during the inferior coke period 


absence of carbon increase in the 


points also to a high temperature degradation of 


coke, in which the generated fine are quickly re- 


tained by overlaying burden. If room tempera 


and hardne properties of coke were 


factor this would evidence itself clearly in 
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blast furnace operation by increasing amount 
flue dust containing igh percentages of carbon 


rom the upper reache the stack 


Significance of Experimental Results 


here appears to be a specific minimum level o1 


HTCSI index 


viven furnace 


range for satisfactory operation of a 
Strength requirements are probably 
controlled by the design of the equipment, and the 
practice used at any given installation. Controlling 
a) height of the furnace burden, b) 


wind rate and blast pressure, c) size distribution of 


factors include 
the ore burden, d) chemical and mineralogical com 
position of the ore burden, and e) average particle 
ize of coke. This indicates that with a standard ore 
burden and blast furnace 
volume of air per ton of hot metal, the height of the 
burden column and the size of the coke will be the 


temperature 


incorporating a constant 


critical factor governing the high 
trength requirements for the coke 

Meeting the minimum requirements on high tem 
trength of coke should assure trouble free 


tandard ai: 


perature 
operation of a given blast furnace at 
volume per ton of iron produced. It appears that 
productivity of a given unit will increase up to an 
optimum with increasing high temperature com 
pression strength indices. But the magnitude of the 
index of the optimum coke is not known and would 
be difficult to establish. From operational data of the 
No. 2 blast furnace, it can be deduced that the rate 
of increase above the minimum requirements would 
lower than the drop in the rate below the 
indicated by 


be much 
minimum strength values. The trend | 
burdened 


plotted 


the production data on two blast furnaces 
with various cokes of known HTCSI indice 
in Fig. 5 


Factors Responsible for High Temperature 
Strength of Metallurgical Coke 


Inland’s finding uggest that the following factor 
might appreciably affect the coke characteristics: a) 
volatile matter content; b) ash content, composition 
fusion point; ¢) porosity and thickness of the 


and d) internal cracking and fissur- 


und it 
coke cell wall 
ing within the coke body 

Volatile Matter: Content of volatile matter is of 
because a green, not fully degasified 
of carboniza- 


importance 
foundry coke undergoes the 
tion during its travel in the furnace shaft and will 
degrade much more rapidly than fully 


proce 


therefore 
coked, metallurgical grade coke. It 1 therefore 
necessary to keep volatile matter as low as possible 
preferably below 2 pct 

Ash Content: Similar reasoning applies to ash 
content, which should be kept as low as possible to 
prevent a mechanical collapse of coke at high tem 

contained in 
below 3000° 


The maximum permissible ash content will vary, 


perature ince all mineral material 
coal have melting or fusion point 


depending on the chemical composition of ash and 
the coking properties of the coals used in the coking 
blend 

Porosity and Cell Wall Thickness: Porosity and 
the thickness of cell walls was considered in ordet 
to establish 
characteristics and cell 
cokes. Representative pieces of 
ectioned along the grain plane with a diamond saw 
and the observed under microscope at 10X 
magnification. The study wa 
n Figs. 6-9 


relationships between performance 


tructures of the individual 
were 


Various coke 


ection 


made on coke how! 


8 
of 

tun 
beeh 
17.6 
pore 
q tumble 
word 4 
2004 
© 
wre 
Dhiese « 
tren 
te 


Fig. 6—Representative piece of Standard Inland Coke sec 


tioned along grain plane with diamond saw and observed at 
10X magnification 


Fig. 8—Section of Beehive C Coke at 10X. Finely delicate 
lace work of this coke is considered at least partially re 
sponsible for poor blast furnace performance 


These coke how very marked differences in 
physical structures. The two coke 
the highest and the lowest high temperature com 
trength indices form two extremes in re 
yard to the cell structure. The 
Wheelwright coke, Fig. 7, shows voids of 
ize evenly distributed throughout the body of 
the coke. The individual cells are surrounded by 
thick, apparently stable walls of carbonaceous mat 
ter. On the other hand, the C coke, Fig. 8, 1 
terized by finely delicate lace work or sud 
pears that the filigran structure of the C coke 
least partly responsible for its extremely poor pet 
formance in the blast furnace. The H coke quite 
different; it void formation 1 trongly irregular 
rather large bubble “ 
if produced by a pebbly, low volatile coal 

ations have to be regarded for 


characterized by 


pression 
trong Pocahonta 


Variou 


charac- 
It ap 
is at 


and the tructure contain 


The reported obser, 
what they are an attempt to find a clue to the high 
Known 

from 


performance of coke which 1 


temperature 
plant to plant and 


to Vary trong! fron 
coal to coal. Cell 
of the 
qualiti 
of relatively large cell 
walls of carbon, Thi 


tructure of coke is apparently one 
factor trongly affecting high 

It appears desirable to produce coke built 
urrounded by strong thick 
tructure would satisfy two 
demanded of blast fur 


urface areas and 


temperature 


fundamental requirement 


nace fuel—that of exposing large 
withstanding the pressure forces and high tempera 


tures in the critical zone of the blast furnace 


Fig. 7—Section of Inland No. 3 Plant (Pocahontas-Wheel 
wright) Coke at 10X. HTCSI of this coke was high and blast 
turnace performance was good 


Fig. 9—Section of Beehive H Coke at 10X 
regular void formation appears responsible for its high 
HTCSI and good performance 


Its strongly ir 


Structures made of suds-like formations and 
those made of apparently dense 
tions are unsatisfactory, although the latter is prob 
ably to be preferred. It 1 doubtful 
whether cell structure alone could be used for ac 
determination of the blast furnace propet 


beyond the point of a preliminar: 


low void forma 


howevet 


curate 
tie of a coke 


visual examination 


Conclusions. 


The high temperature compression test 
burden in the 


imulate 
high 


furnace, and result 


conditions encountered by the 
temperature zone of the blast 
for predicting the relative 
performance characteristics of a While 
the ASTM indice atisfactorily indicate the handl 
inadequate 


appear to be satisfactory 


viven coke 


a piven coke, the are 


ing properts of 
behavior im the blast 


for predicting it furnace 

burden 
Microscopi 

ibility 


a given coke by m 


yations of the test cokes indi 
interpreting the properties of 


of cell 


ate a po 
tructure 
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by R. J. Tatousek and A. T. Peters 


An Evaluation of 


Cast Refractory Hot Top 


Linings 


Use of cast refractory linings in C & D hot tops was dis- 
cussed at the October 1955 meeting of the Technical Com- 
mittee on Open Hearth Steelmaking of the American Iron & 
Steel Institute. While reports on performance were not con- 
clusive, it was significant that many plants found the life of 


cast linings superior to brick. 


A PRELIMINARY i igation at Inland Steel 
had hown that jwugh cast lining had 
nearly twice the life of brick linin erosion of the 


unin the extended life re 
cause in volume of the hot top 


ilted in cor 
It wa 
it the metal lo which resulted fron 
volume of the cast-lined hot top 
lining life a 


thre n 
ould offset the advantuve of lony 


compared to brick-lined hot top 


Program for Evaluating the Performance of Regular 
and Reduced Volume, Cast Refractory and Brick Lined 
C & D Hot Tops 
DD hot toy vor 
end-up mold The average total ingot weight, u 
F and reduced 
00 and respectively 


ised on 27%4-1n quare, bi 


! thre volume hot toy wi 


in were made up of pre 
formed while the cast 

om a high alumina a opute 
hown in Table I 


mixed wit) yater to the cor 


refractory lining 
i} chemical analy 


imped into onolithie lin 

the hot top casting and a grease covered 
orm After the refractory had set and 
th teel form was removed and the lining 


i gas flame for about 48 hr 


R J TATOUSEK and A T PETERS are with the Inland Steel 
Co. Indiana Harbor Works, East Chicago, Ind This paper is to be 
presented at the AIME National Open Hearth Conference, Pitts 
burgh April 1957 


Table | Chemical Analysis of Cast Refractory Lining Aggregate 


(enstituent 
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The reduced volume, cast refractory hot tops were 
obtained by using a sheet steel form with increased 
taper toward the top. The reduced volume, brick 
lined hot tops were obtained by cutting standard 
lining brick face sections to a taper to give the same 


dimensions as the cast refractory, reduced volume 
hot top. The space between the brick lining and the 
filled with mortar made of 
burnt dolomite and cement 

The calculated volume of the reduced hot top, 
measured to the standard pouring height 4 in. below 
15.5 pet less than the volume of the 
regular hot top. This reduction in volume effected 
a decrease of about 2.4 pct in total ingot weight. The 
original dimensions at the pour and bottom level 
the volume, and hot top metal weight for the regular 
and reduced volume hot tops are shown in Table II 

These 
inder normal operating condition 
of the pouring level and the middle level 


hot top casting wa 


the top, wa 


experimental hot tops were maintained 
Internal mea 

irement 
were taken frequently to determine the wear of the 
lining Hot top 
and regular volume C 


Fig. | 


obtained from reduced volume 


& D hot tops are hown in 


Refractory and Installation Costs 
Refractory cost for the cast lining 


it 
i 


reduced volume hot tops was abot 


Table 11. Comporison of Original Dimensions of Regular and 
Reduced Volume Hot Tops 


Regular Reduced 
Volume Volume 
Cast (ast 
or Brick or Brick 


Cust 
derable ine 
stole 
Phe ay 
tere aif 
nv betwee 
ned wh in regular and 
et 
level ‘4 below top), 15x15 % 
Hott eve 20'4x20's4 20 
MLO 1950 1650 
re 
i ‘ * Based quid metal weight of 4 b pe i ft 


Fig 1—Photograph of hot top 
obtained with reduced volume 
(left), and regular volume 
(right) C & D hot tops. Ingot 
molds are 2734 in, square BEU 
Hot tops were poured to a 20 
in. height 


brick linings. Preparation and installation costs for 
cast linings were also greater than for brick linings 

It was difficult to clean out the old cast refractory 
linings from the hot top castings preparatory to In- 
talling new linings. In some instances an air ham- 
mer and chisel were required to break out the mono 
lithic ma Old brick linings were broken and re 
moved easily with a pry bat 

Further, it appeared that the installation of cast 
would not lend favorably to relining main 
tenance. To expedite the relining procedure at not 
mal pit operating rate, groups of hot tops would 
have to be relined at one time, due to the lining 
technique and additional materials required. With 


ingle hot tops can be relined as re 


lining 


brick lining 
quired, permitting the use of a minimum number! 
of hot top castings in service 


Increase in Hot Top Volume 

Accurate calculation of the volume change of the 
hot tops during lining life was difficult, since the 
urface of the linings did not wear evenly. It ap 
to assume the hot top 


peared reasonable, however 


volume as being proportional to the average cross 
ectional area at the pour level and middle level 
Fig. 2 shows the 
tional area over the 
level and middle level, compared to lining life. The 


percent increase in cro 

original area at the pouring 
top and bottom levels have not been plotted, since 
the dimensions at these levels did not change from 
the original--the top level not being exposed to 
liquid metal, and bottom level being maintained to 
the original dimensions by the use of the hot top 
ealing ring and hot top compound mix 
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Fig 2—Curves showing the erosion of cast and brick hot top linings during lining lite, for regular and reduced volume hot tops 


) 


For Regular Volume, Cast Lined Hot Top: Fig. 2a 
hows that the area of the pouring level and middle 
level of the regular volume, cast lined hot tops in- 
creased rapidly from the original cro sectional 
area after about 75 heats. At a lining life of 120 
heats, the average increase in cross-sectional area at 
the pour level and middle level corresponded to a 
volume increase of nearly 15 pet over the original 
volume 

It is significant in considering an optimum volume 
increase during the life of the cast lining, that when 
the volume increased to approximately 5 pet over 
the original volume, metal losses from the additional 
metal displacement in the hot top became excessive 
For example, it is estimated that when the volume 
of the regular hot top increased 15 pet over the 
original volume, the hot top metal weight increased 
300 lb. It is apparent that continued use of the hot 
top after 75 heats, throughout an average pou! 
life of 120 heats, would lead to accumulated hot top 
metal losses exceeding 13,500 Ib 
increased lining life would be offset by 


The advantage of 
volume 
changes exceeding the optimum volume increase 
after 75 heats 

For Reduced Volume, Cast Lined Hot Tops: A 
hown in Fig. 2b, the erosion of the cast lining in 
the reduced volume hot top was almost equivalent to 
that of the regular volume hot top cast lining. It} 
ignificant that the erosion at the pouring level wa 
greater than at the middle level as compared to the 
regular volume cast lining. Since the original vol- 
ume of the reduced volume, cast lined hot top wa 
15.5 pet le than the regular volume hot top, the in 


crease in hot top weight per pour was proportion 


75 


Lining L Heate 
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Table Ill Increase in Hot Top Volume and Weight for Cast 
fractory and Brick Lined Hot Top 


Increase from 
Original 


we 
Liquid 
Volume Metal 

lining Description Ave Pours (ua Lb 

‘ on 

j pint 

I on 

I 
j 

itely Ie ip to about 100 heat I} appeared to be 
the optimum in linit fe and nominal increased hot 
lop we nt fe thie educed volume, cast lined hot 
toy AlItho hh ret ne it thie ive 
ning failure of 140 heats, the increase in cro en 
tional area of the pour and middle level was equiva 
lent to a volurne nerenase of pet of the 
nal volurne I} corresponded to about a 500 

it crease nm hot toy mt ove the original re 


duced hot top weight of 1650 Ib 
Compared with Brick Lining: As indicated by the 


lower pa of curves in Fig. 2a and 2b, bri lint 
nthe regular and reduced volume hot tops had | 
‘ ion than the cast linu The increase im inne 
it the end of the average lini life of 7) heat Wi 
le than the optimum value of 5 pet of the ori 
nal volume rhis represented a hot top weight i 
crease at lining failure of |e than 100 Ib. In add 
tron. the hot top weight advantage effected by the ‘ 
duced lume, brick lined hot top wa ustained 
ighout the linin ife 

Phe increase in hot top volume and weight for the 
optimum lining life md total linin life for the 
cust refractory and brick lined hot tops are how 


Table 1V. Comparison of Weight of Hot Tops and Original 
Ingot Weight 
Pet of Original Ingot Wt 


Kegular Volame Hot Top Keduced Volume Hot Top 


End End 
New of Life Erosion New of Life Erosion 
kl 
I 0 2 7 42 


The ignificance of the increased hot top weight, 
resulting from erosion, for the regular and reduced 
volume hot tops is shown in Table IV. During the 
life of the brick linings, metal losses resulting from 
erosion in both the regular and reduced volume hot 
tops averaged 0.8 pct of the original ingot weight, 
while for the cast lining 
ilar and reduced volume hot tops averaged 2.5 and 
$2 pet respectively. It 1 
life of the cast linings did not favor economical pet 


netal losse for the reg 
appare nt that longe! 
formance 


Makeup of the hot top lining 
ome flexibility in maintaining 


with hot top com 
pound accounted for 
the original hot top volume. However, there were 
critical limits with regard to the thickne of the 

er of compound applied, since drying was affected 
by heat retained in the hot top It was found that 
upplemental drying mediums would be required if 
the thickne 


volume change 


of the compound exceeded a hot top 

greater than 2.0 pet of the original 
applied in heavier 
of liquid metal 


afety 


volume Hot top compound 
thickme led to boil 
n the hot top 


hazards and poor 


and eruption 
Such reactions contributed to 
metallurgical quality 
Observations indicated the main cause for hot toy 
lining failure was due to the deterioration of the re- 
fractory. Cast refractory and brick linings weakened 
at about 100 and 60 heat respective lv 


ection of the 


Failure re 


ilted wher lining, particularly in 


Prepared Discussion on Cast 


Cast Refractory hot tops at Ford showed in 
crease of 22 pours over hot tops made with 
refractory shapes 


A! Ford. experience with cast refracte hot toy 
ormewhat fron that of Ir 
mia \ 1956. 1 ) i 


i 
te ( Wher i i 
ed at Inland, Ford wa eragiuy 
‘ ‘ ‘ 4 nece 
" Tota | ‘ wed 60.5 ‘ 
nvest i the ext t hot t ive 
ed 63.4 before bei ‘ i It te 
est ite thre eaduced t toy 
Hott me was reduced f 2 to 14 pet 
pre i br i 
tit ! cl i ( ed tor 
clusiol Were er ead 
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Labor Costs Reduced 


When using the hot top made up with refractor 


hapes, one bricklayer and one helper were required 


on the day shift to make new tops. These two mer 


vere mn addition to the even hot-top men divided 


between the three shift During this period some 
» pct of production was bar steel of forging quality 
rade At present, with 5 pet of ingot tonnage a 
teel and with use of cast refractory hot toy , 

t if five laborer ire employed. New hot top 
are cast on the day shift where three of the five mer 
ire employed 

Re i to cast hot toy cor t of dre ! then 
vith a slut ome patch work, and setting new re 
ictory rings and wiper strips. To date, little diff 
ilt las been encountered in removing old Ii 
his may be due partially to the fact that the thicke 
ections are removed t takir the toy flown before 
the ire ely thin. iall t ind 
ind chipping tool iffics 

(On the ave ‘ pout seve new hot toy ire cast 
‘ wee} t | ad One hot tor equire 2" 
rate il, which mixed inan t be th wate 

he ce ed cor ten Before the hot " t 


in Table 
ing Is placed over a sheet steel form it vVolds in tne 


Table V. Metallurgical Performance of Regular and Reduced 
Volume Hot Tops 


Regular Volume Reduced Volume 


Brick Cast Brick Cast 
leep etch test 1a0 12 “0 120 
i Irie t 
t if 
Lig ded pe 2 of 7 
I ts req i 
4 7 2 


the bottom portion, fell out of place during strip- 
ping operations and in handling while making up 
the hot top Whether or not thi 

associated with mineralogical changes in the re 
fractory has not been determined 


weakening effect 


Practicability of Using Reduced Volume, Brick-Lined 
Hot Tops. 

Inasmuch as the reduced volume, brick lined hot 
top proved practicable with regard to open hearth 
operating requirements, it Was important to evaluat 
the metallurgical performance of the ingots poured 
with the experimental hot top 

Stee] 

ted of about 40 pct intermediate manganese grade 
(0.15 to 0.23 pet C and 1.1 to 1.5 pet Mn), 40 pet 
(0.10 to 0.50 pet C and 0.40 to 1.0 pet 
teels and several 


pecifications included in the program con 


forging grade 
Mn), and the remainder spring 
vrades of resulfurized Ledloy. Double burnt dolomite 
was used as a hot top insulation covering 

At the blooming mill, a full cro 
cut from the top of the top prime product on the 
experimental hot topped ingots and the adjacent reg 
ular hot top ingot All test 
1.0 pet of ingot height below the hot top collar 


ection test wa 


were taken from 2.5 


Refractory Hot Tops 


casting are filled with a light weight, flake-type in 
lating material. This assures easy removal of the 
The form 


eased to permit free removal from the top afte 


init ifte it is no longer serviceable 


cast and the aggregate is tamped into place 
hres i-in. hole are then placed in each of the 
ides of the casting from top to bottom. Vent 
are made 1 hr after ramming 
The new hot top lining ts allowed to cure on the 
form for the next 16 hr. Actually, this could be ae 
complished in 8 hr, but no hot top crew is employed 
the midnight shift. After the top is removed 
om the form, it is allowed to air dry for an addi 
il 16 4 hef e heat apphed the top is ther 
ced I tne aryin dec} It wa found that 
efficient dry could be achieved by stacking three hot 


oT are then ready for inf 


Hot tops down for reline reduced by 45 pct 


Due to the physical layout of the Ford plant an 


3 pet were necessitated by collar crack 
and fin Metallurgical performance was evaluated 
on the basis of the visual comparison of test section 
after deep etching All ingots were rolled bottom 
first 

Deep etch tests showed like performance for the 
lab or bloom product rolled from the reduced and 
of the specification 


Cuts ove! 


regular hot top ingots, regardle 
or section size. Overall deep etch rating performance 
for the regular and reduced volume hot top ingot 
is shown in Table V 

On those ingots requiring retesting, a further cut 
of approximately 1.5 pet resulted in sound steel, All 
remaining tests were rated a howing a trace of 
center seg which is the normal rating for 
the top tests cut at the blooming mill. It should be 


lining howed test with 


regation 


noted that only cast 
porosity 

It was concluded that the experimental reduced 
volume, brick lined hot top fulfilled requirement 
of application for all hot top steel grades made cut 


rently at Inland Steel 


Summary 

The results of a program carried out for the put 
pose of evaluating the performance of cast refractory 
in C & D hot top howed 
features of operating and metallurgical importance 


and brick lining everal 

Cast refractory linings were more difficult’ and 
costly to install than brick linings. Although the life 
of cast linings was superior to brick linings, exces- 
sive erosion during the extended life of the cast 
linings caused hot top metal losses which were 
prohibitive. 

A brick-lined hot top reduced in volume to effect 
a decrease of 2.4 pet in total inget weight as com 
pared to the regular hot tops proved practicable 
with regard to operative and metallurgical require- 


ments. 


by H. W. Clark 
of Ford Motor Co 


antape which can be achieved. However 


ising the castable monolithic top, the total number 
weekly ha 


down for reline been reduced b 


of toy 
$5 pet 

Replacement and repair of hot top castings ha 
been practically eliminated. This can be attributed 
to greater ease of stripping the tops from the ingot 
rhe use of thicker hot top lining has added to the 
nsulating value of the top and contributed to le 


pipe at desired yield level 


Castable replacement costs are 40 pet |e than 
cost neurred using refractor hape due to the 
elimination of skilled labor required to brick the 
toy a preate itilization of existing nonskilled 

ibor, and increased hot top life. Since tops are re 

ed fron ‘ ice before the hot top lini by 


metal lo is no greater than 


vhen the tops were lined exclusivel with refrac 
t hape Comparison of past and present heat 
ize with ingot tons poured gives a fairly close chech 
of this condition 

ince the average top life was lower at the Ford 
plant than at Inland, the increase in hot top life with 
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toy chimney tasnion over a ga jet. with a 
n. air space between the tops for sufficient con ( ee | 
bustion. A slow fire is maintained for 4 hr, followed i 

by maximum firing for the next 6 to 6 hr. The hot er) 
4 

1 

tne t pPping faciiitie for bal teel, there are certain lowe labor cost make trie is@ OF cast retractory ee 

estrictions on handling practices that limit the ad hot tops most attractive ae 


M_ Squires and C. A. Johnson 


The H-lron Process 


For over 12 years, Hydrocarbon Research Inc., has studied 
the direct reduction of iron ore fines with hydrogen in fluidized 
beds, operating at temperatures below 1000°F, and at pres- 
sures above 200 psig. In conjunction with Bethlehem Steel Co. 
a demonstration-scale direct-reduction plant has been put in 
operation in Trenton, N. J. Experience with this plant has 
provided information necessary for construction and opera- 
tion of a commercial direct-reduction facility. 


ided all of the background required for 
tion and successful operation of a comme! 
reduction facility. Hydrocarbon Reseat 
lehem Steel have named their proc 


proce and the product is called H 


Principles of the process 
Fiz. 1 illustrates the 
proce Iron ore fine 
to about 900 F. A rotary 
bn ised for thi tey 
lly 0 
charge hopper. The charge 
u batch of ore and 1 


ported pneumatica 


than 600 © about 100 psi higher 

fer a bat h of ore from 

it OOO Ff e pl the operator ha 

ence with this plant |} re line shown between the two \ 

through this line at then 

A M SQUIRES and C A JOHNSON are with Hydrocarbon Re of flow is termed d 

woarch In Thes paper us to be presented at the AIME Blast Fur 

nace, Coke Oven, and Raw Materials Conterence, Pittsburgh, April 
1957 


velociti are low. ero 
and line capaciti 


ore being transferred in about 


f WET HYDROGEN, 900 F 


J 


Fig ! The tlow of solids 

through the H iron process In 

the reducer tron onde reacts 

with hydrogen to torm ton and 

water Several batches of ore HOT 
may be reduced at once DAY ORE 


serves type arrangeme ne 


C 
INERT RON POWDER 
GAS AGGLOMEBATING 

Mil 


CHARGE = OUMP 
HOPPER HOPPER 


HYDROGEN, |000 °F 
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vere directed toward manufac construc 
hare I owdered tron catalyst from a mixture ial, direct 
f hyd en and carbon monoxide for use i yn ind Beth 
hie i It i direct reduction plant the H-tror 
! ip} eutal t fo i ynthneti isoline 
‘ tien hx perience With this catal t plant and 
‘ W of olid througt thie 
} thie ‘ nthety moline eactor at 
‘ neuted the principle ola first dried and prehe ited 
In or heaft fy 
4 reduction proce ry the teel industry ra snatl furnace may 
dy t ti 
the past fe eu In conjunction with e dry, 
locat 
hethleher demor itieor cale direct i bin located it i 
han t filles with 
eduction plant has been operated in Trenton, N. J hopper } led 
| ‘ 
he reduce! To tran 
e hoppet to reduce 
en the valve im the 
el Iron ore fine 
ettled density; thi 
hase transport Solid 
problem non-ex t 
higt » tons of 
15 min through a 
| 400 PGIG 
2 
| 


developed to calm the fluidized bed 
Without such device commercial 
vessel of large diameter would be u 
bed depth were harply limited 


maynitude lower than rate obtain 
few inches in diameter. At the bed 


to ecure ypood conversion of hye 


+ 
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90 } 
| MAGNETITE TYPICAL | 
| HEMATITE | 
a0} 
| 
| 
70 
| 
@0 
PER CENT 
60 | 
AEDUCTION | 
| 
40 | 
40 
@ 
20 
10 | 
Oo 4 A 
TIME IN HOUAS 
Fig. 3—Reduction rates practicably attainable in the H iron 
process 
lem If their growth 1 inchecked, the reduction 
ve el would heave md fumes Carryover of fine 
due to splash from bubble breaking the urface 
would be exce ive and the eflicrency of gas-to 


olid contact would be ver low. Devices have been 


of iron ore fine 
operation in 

npo ible unle 
and reduction 


ates obtained in large vessels would be orders-otf 


ed in reactor a 
depths required 


frogen to water 


vhen the reduction reaction is carried out under 


Fig. 2—This is the tron ore reduction vessel before insula pressure. use of bed-calming devices are essential 
tion was applied tron ore fines are fluidized by hydrogen to economic succe 

‘ 
at low reduction temperature and elevated pressure At the end of a reduction batch. reduced iron 


powder is transferred by dense-ph 


use transport to 


sched 60 %4 in. line The reducer vessel remains at a dump hopper, and the reducer is ready for anothe 
fu pre ire aduri the transfer, and the flow of batch of ore H-iron powder compre ed into 
! en through the reducer ts not interrupted chips, and Fig. 4 1s a photograph of such chips man 
In the reduce drogen reacts with iron oxide ufactured from a Swedish magnetite ore 
reov nd wate 
Dust recovery proves efficient 
FeO 2 Fe Dust recovery equipment | mple and extreme 
i photograph of the reducer essel at efficient: no fine vhatsoever can be detected at the 
Prenton before insulation was applied. show uction of the as recycle compressot After man 
typ reduction rate curve which are practicably thousands of hours of operation it may be reported 
itt ble in the H-iron proce that erosion of line alve and equipment by iron 
ove! ntroduced at the bottom of the ore dust and tron powder! not a problem Tech 
educt nd caused to flow up through the bed of nique of charging and dumping the tron ore re 
‘ re The hvdrover elocit through the duce have proven entirel reliable Charging and 
bed “adjusted to ate higher than that at which dumping are carmed out without depre ining. the 
the on ore time are ist buoyed up by the risin reducer or interrupting the circulation of hydrogen 
trean Ihe nterstice between ore particl Chargu and dumping tems have given trouble 
cannot incre e much beyond ther ze when the free ervice during hundreds of turnarounds be 
e bed ts in the settled state; only a limited quar tween reduction batche 
a j on ¢ flow throug} these rte tice 
th sath the hed in form of bubbl Fig Shows the ¢ ential feature of the hydre 
bubbles produc alent aaitation and of thu fen gas circulation system. Dry hydrogen ts heated 
bed, and bubbles breaking from the surface of the n a furnace to about 1000'F and fed to the reduce! 
hed maki it appear to boil. Bubble we relativel Wet hydrogen leave the reducer at about 900 Ff 
m it the bottom, but the have a tendency t the temperature drop supplying heat leak and end: 
y throughout the height of the bed. The situs thermic heat of the reduction reaction. Wet hydro 
not unlike a pool of liauid undergoing violent ven is cooled by heat exchange with dry hydroger 
ee 1 and is further cooled in a gas cooling tower by direct 
contact with cooling water! Cooling the te 
Special devices required to calm fluidized bed 100°F serves to condense nearly all of the wate! 
Growth of bubble isi through the fluidized from the wet hydrogen strean Upstream of the i“ 
ped of on ore fine esent erjous de n prot cooling tower is a ventur!t scrubber for removal of 
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Advantages of the H-iron process 
Use of low reduction temperature 
powc«de become 


bles due t 


is not nece ar’ 


Use of elevated pressure: 
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heat of reaction by 


of endothermic 
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Fig 4 (Be 
duction 
presse | 
— 
rite ttent. In th respect, the H ron operatior 
ecemible i blast furnace vitt al 
ME j hut tapped nad cha eal witl 
nt ttent imber of batche vhict 
i ‘ wessed simultaneously depend pol hie 
sole tic of the ore and thre reductior 
desired, but only two will be equired 
Reductior 
: ‘ it which 
on 
The H-iron 
f mot t vVhich have plagued mat attempts 1 
lore p direct reduction processe \t the tempera 
vat alee tures employed, expensive high-temperature refrac 
< ! ‘ are not required ind periodic replacement otf 
e fine Dirt water fram the acrubhe 
ther with water produced in the H-iron reduc: CEES Elevated pressur 
ed from the A «ma pecified for two a) To promote high re 
on ented the concent (ML ite it the low temperature required te 
ent thy ‘ lroper t fres} avoid tas ne miuce volume compa ble to 
thane blast furnace volume, although temperatures are 
he stream 1 ercome pressure losses in the 1800 F below temperatures of blast furnace d 
has harge permit cheap d of } lrovet 
i] j ‘ ite eavil the educet mpl ect contact 
thre } lroven weite n the H culatin vate! At 100 p hvdrovet can be 
eae ‘ or fey stite dried b 95 F water to a de wpotnt ‘9 that 
teh, but the magnetite ore vives higher conve it atmospheric pre ire by 95 F wate vould cor 
Declining conversion rate creates design problem P| PY heat of reduction 
nm conve ot i i reduction batet the reducer in for of sensible heat 
cood euate blen nee the | f the cireulati i trean } lrogen-te 
! nto the Hf eduction circuit Vite conve n of around 10 pet « the 
| ! ! ite period ‘ neated t el tem pe ture ! it 
‘ hve tion to problen to out pply the required endothermic heat. Highe 
eve eduction bateh it ones ‘ ‘ ersior ttauinable at temperature around 1200 
| W hic botton bed of the ha ‘ ed of rie ‘ hecause ment 
lumped nad the content loved to int he vere expen ‘ 
ile vhicl vile produced theret ture md pre ine f the H-iron ce imbor 
‘ onabl feud that exce le ‘ cif ¢ nnot be ised «tire yill er 
venti ine net neu \ Hi eductant t quantitat cor erted 
init icontinu j Viale thou? methane inde Hi eduction nelitior Ir 
} f ‘ clump f nm product il t Ise bon monoxide not lsadvant 
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new material 
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Table |. Comparison of Basic Open Hearth Heats With and 
Without H-lron 


Normal Heat H-tren H fron 


H-iron 


concent! 


mace « } 


about 


1 pet 
be slags teelmaking furnace 

If an ore of arth ! rity 
able, H-:tron ed t 


mally charge ! an 


content ts avail 


may » replace all Crap not 


open hearth furnace, and it 


tec! 


earthy im 


may be used as the total charge to an electri 

When 
must be local 
dictate 


lag-removal ¢ 


making furnace highe 


purity content economic condi 


tions will either an increase in the turnace 


accon panied by 


tul 


teel production, or a mix with 
from othe! 
H-iron 
reduction 
charged 


ource 


muy be 


a high depree of reducti pecitied 


‘ 95 pet removal of o»% en 


charged to 


un open hearth, a lowe 
that it 


reduce 
ion will be preferred 0 


te both 


used a 


and tor charge 


arth 


ider an 


rom in the 


ith 
hearth 


open he may be 
trated y un ¢ 
which ha 
pattern in on 
hot metal, 6.4 pet 
home ap, 10.5 
0.06 from allo 
with H 


required, Of these 


xample. Con open 


hop been using the followings charye 


terms of unit 8.0 pet metallie ton 


from from charge ore, 25.0) pet 


from pet from purchased seray 


und pet and 
16.9 tron 
units 10.5 


iron to replace the 


lo replace ore pul 


chased scrap ron, 
vill be 

will be in the 
und 64 


the ore 


unit total iron 


form of metallu 
units will be un the 
The degree of reduction of H 
will thus be (10.5/16.9) 100 or 62 pet 
It will be recognized that the H 


ao mean 


Crap form of oxides to 


replace 


iran proce pro 


not only of up-grading tron ore fine 


Table 11 Summary of Electric Arc Furnace Double Slag Heats Made 


Using 93 Pct Reduced H tron 


Metallic Charge 


size of Vet 
Heat, H-lron, Serap Coke 
Tons Vet Pet ( harge 


( barge 
to Tap Yield 
Vet 


steel 


Melt 
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Fig 6—Typical curves for the conversion of hydrogen to 


water in the H iron process 


APRIL 1957, JOURNAL OF METALS~-589 


ine bon initially present in fue charged to the te 
ore must be removed as carbon dioxide. In the L, 
H on ionoxide converted 
hydroget de by reaction with steam 
! mm_nverte! 
CO HO-H CO 
Carbon dioxide ibsequently scrubbed out of the ye 
hvdrover tream before it ent to the H-iron re . i 
fuction section ein 
In a high-temperature direct reduction proce iron ie 
operating at 1200 F or higher, any carbon monoxide 
Pty verted 1 { 
fed to the reducer will be partially converted to e of ‘ 
gm caurbon dioxide must ib ore 
equent|y of the entire circulating 
tream of =! int This is more expensive a 
to the relatively pure hydro 
even in a high 
ore 
Ing, convey Iron 
ore fines may be ch ma re ts 
dqduction ve el operat e almost 
is easily a f the fine We Bm he H-iron = 
proce represent in attractive means of utilizing 
exist ore time which have wccumulated incl 
pre paration of ore fo int in blast tus 
proce is also naturall ittractive for 
be fine! round in order to un 
Of 
— 
t 
electric furnace heats 
H-iror In these 
Iti} 
“et ‘ thie 
} 
tnder 
’ 
Let 
tone 2.000 It 200 
Pct of Metallic Charge 
! 
2 
I & anit Pot Full Pot 7} \ 
Time to Lime B 42 
Durat 
felt | 
Hot Met 
= 
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Method Used During Forced 
Interruptions In Open Hearth Operations 
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varying lengths of time?” is one which 
operators are unfortunately too fre- 
quently called upon to answer. 
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lronmaking 


In the USSR 


by E. W. Voice and S. Klemantaski 


Recent exchange visits between Soviet and Western European 
engineers have been richly productive of information on the 
Russian iron and steel industry. Sponsored by the United 
Nations’ Economic Commission for Europe, experts have vis- 
ited works in the Ukraine, Caucasus, and Ural areas. The 
views herein are drawn from personal impressions, recent 
technical literature, and the reports of two teams of British 
experts that visited the USSR in 1955 and 1956. 
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Fig. 1—Steel plants and resources of the southern region Fig 2-Steel plants and resources of the Ural region Map 
Map courtesy of the British Iron and Steel Federation courtesy of the British tron and Steel Federation 
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Hydrogen In Steelmaking Practice 


Based on a rapid analytical procedure for hydrogen and a reliable sampling method 
for obtaining specimens from a molten steel bath, a series of three acid open hearth, two 
basic open hearth, and seven basic electric furnace heats were examined through the re 
fining period, at tap, and in some instances during pouring for variations in hydrogen 
content. Experiments and calculations are presented to show that the measured hydrogen 
content is the result of two competing processes, one of which drives hydrogen into the 
metal from the gas and slag phases and the other eliminating hydrogen through the CO 
boil. Hydrogen absorption rates are calculated to show the differences which exist among 
the acid and basic open hearth processes and the basic electric process 
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pte 
Bey 
aa many years steel producers have been con of heat treatment diminishes 1 — Pe 
cerned with the presence of hydrogen in steel the part to be treated increase ee As 
Hydroven dissolved in exe of it olid solubilit to remove a specified traction of es es 
it the meltin point ma cuuse bleeding and pro ent imecrease us the quare of the 
insoundne noinvots and custin In ful Killed ection miakil the treatment of larpe 17 
tecis the jroven content which result in these practical 
fifliculty Varie vith the allo content and ma In orde to prevent bleedin and ro 
ange from 6 to 12 ppn It ilso recognized that re due to hydrogen, and in view of the ic oe 
f corrective heat treatment alone to provi 
mum propertse Vhen hydrogen is present in large 
ection effort to limit t ive mtent 
be tuken whiiles thie te till The 
pla partin cau thie leloct ich a flake 
ubject of th papel a d ion of the faetor Fs 
hairiine crack and venerall lowered ductilit 2 n 
he hydrogen content of quid steel in acid 
The ou ellect mall amount fh iro 
md bast oer heart! md basic elect c two lia 
el rene il probler ! to in nae teal 
furnace proce 
ahve il echanical | r? ‘ iif red 
The fo ! anutacture nave pe ited 
Literature Survey 
Because man cof ‘ iit obese nition 
emove } I} made po ble thie 
elative te of diffusion ft hud n fe ported il hie erature “uve aires bie 
artive heat treatment @sul uined if he preser esearet ma 
‘ eonclusiolr eached brief 
tive] ste or nt > or sustenite i ail Tie lit 
Viethods for experi menta nvest ition of hydro 
Bbwever, even in ferritic grade the eflectivense 
ittempts to estimate the hydrogen content of the oar 
pe hearth bath were | Kallis and Rudbe ie 
levised a ethod for « evolved 
fror the bo fa basic open hearth furnace 
found t thie Thies tool enerul 


led that the ith cor Loerie ind Klotzbach (hot extraction at 600° fol- 
; i? et mtu Gs The ‘ 
. iH ‘ Ka ‘ ed the previou eported difference in 
rie trie eT Cor tent it acid ana Dua if open hearth 
t the t per hr for acid open hearth and 0.5 pet C per hi 
tt basic open hearth steels was recommended to 
i ‘ tu hydrogen content 
the Hagedorn, and Backe published result 
! ! t at te direct l oxte ve test ising an improved design of the 
thy i! ‘ | j jurt iction tube described b Wentrup et al 
‘ } ‘ ‘ ! ere A Tit neurred to a large degree with the conclu 
bt hydrogen steel ons reached by Wentrup although obtaining sub 
th ‘ Hofsten et lia we actual hydrogen content Along 
i bye ‘ ed ite { th the effect of the type ol lug they noted an 
etical caliculatior rive ‘ elation between the hydrogen content of 
! ere iseribed to mu the bath and the ferric tron content of the lag 
‘ hie ce at Bu igh’ reported results of hydrogen analy- 
oe W i Te phere es on samples taken in a notched-pencil mold con 
fered tructed of coppe! special attention wa paid to 
fise thie ture content of i basic electric practice in which the hydro 
‘ t} ture 
thie tient f hydroges Table | Effect of Mold Condition on Hydrogen Content of 
slated Killed Steel 
rie ! ! the hy te 
rit nva or Hydrogen 
Casting (Centent, 
No Description rpm 
thy ilt 
tud 48. hot tra ‘ fepth 
‘ nit ‘ fept? 
‘ hie } i ‘ ent i 
} athe ‘ 1) by 
en content was found to increase when the reduc 
tea u Ast Na added Thi 1hicitast Wa a ociated 
ne not it tay thi tries me ture content of the burnt lime and wa 
DoW had taker nm fact, the educed to minimum b thorough drying of the 
ered Un simular finding were reported by 
‘ btu tent } 
ons Hydrogen Sampling and Analytical Apparatus Used 
‘ ne eat mobility of hydrogen in liquid steel and 
1 fe tic steel makes the use of special sam- 
Went na Rei ted polit technique rece ary in order to retain all the 
na : wast oe hydrogen. Two main types of approach to the prob 
ethod f retaining the hydrogen have been employed 
previou vork 1) the sample was taken In a 
le ‘ providing for the collection of escaping 
lrogel or 2) the ample was drastically 
ienched and maintained at very low temperature 
prevent the escape of any hydrogen 
The device used in thi work have been of the 
nd type. The final design adopted was the 
lified Tavlor sampler shown in Fig. 1. It con 
ted ofl i walled Coppel ceyvlindet! with a 
tapered hole to which a rubber bulb wa attached 
ym pilpin A hardened steel punch was pro 
vig. }~-aneees ed for rapid ejection of the ample from the 
Taylor sampler tor 
hydrogen pe i pie \ plu con tin ota mall oll 
f coppe iuze wa nserted in the hole to regulate 
trie unple lengtt 
L hve ampling procedure used | outlined below 
1) A well-slagged poon of iquid metal wa 
tharawn trot the furnace, the irface wiped free 
r f i ind the metal killed with 0.1 to 0.2 pe ilu 
i A (time required to 
The ty f the coppe imple Va momen 
‘ ed ! thie liquid metal and a amy le 
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Fig. 2—Analytical apparatus for hydrogen determination in steel. A, mercury life, tor sample introduction. B, induction furnace 


assembly, containing tin bath; C., C., and C., mercury valves, D, butyl phthalate manometer, E, ammeter, F, palladium tube, for in 


troducing hydrogen for calibration; G, mercury manometer, for introducing gases for calibration, H, mercury diffusion pumps; J 
variable volume burette; K, thermal conductivity cell, surrounded by ice water bath; L, Wheatstone bridge; M, mercury trap, sur 
rounded by dry ice and acetone bath; N, magnetic slide, to prevent condensation on prism, O, asbestos sheet insulation; P, mer 


cury reservoirs; and Q, known volume, for calibration purposes 


ucked into the tube by means of the rubber bulb been the hot extraction method and the tin fusion 


The ample was then immediately ejected into cold method The hot extraction method Involve 
Vater by placing the sampler on a stand and strik heating the ample in a vacuum to temperature 
nv the punch (maximum time required 10 sec) ranging from 300° to BOO ¢ cuusing the hydrogen 
+) The ample was avitated in cold water for to diffuse out of the solid imnipole In the tin fusion 
about 10 see and placed in a bottle of liquid nitrogen method, the ample is dissolved in liquid tin in a 
for storage until analysi vacuum furnace at a temperature of about 1100°¢ 
his device combined the suction feature intro and the hydrogen is pumped out of the melt. Variou 
luced in German designs, preventing exposure of methods of collecting and analyzing the extracted 
the metal to the atmosphere as occurs on pouring ases have been successfully employed 
with the rapid quench obtained in a copper mold a The analytical apparatus used in this work in 
itilized in several British and American design corporated the vacuum tin fusion extraction furnace 
rhe entire sampling operation took Ie than 30 see described by Carne Chipman, and Grant The 
The coppet tube were used over and over again nal i ol the extracted ine for hvdrogen wa 
needing onl eccasional pickling and reaming to based on the thermal conductivit method described 
aintain 4 smooth bore I Shield Chipman, and Grant The following 
A sampler marketed for taking pectrographic pin leseribe certain mprovement that have been 
amples was also used in some instance This de nade 


ing merely of ar A sketch of the apparatus | hown in Fig. 2. The 


evacuated pla tube about 4 in. lon Phe tips of ample Nia introduced into the vacuun ler 
the glass tube were drawn down so that when one through a mercury lift (A) and held for a period 
end Wa rime ed na poon of liquid metal, the of about lls min with all mere i! cutoff (f ( 
tip melted away and the tube filled up with metal (’.) open to allow any air and solvent introduced 
Samples taken with th levice were handled in the with the sample to be pumped off. The collect 
ume fashion i those taken wit the Taylor ysterm was then closed by raising the mercury cut 
amplet off (3 and introducin thie ample into the furnace 
The most eee ful methods of extracting hvdro (/3) containin the tin bath Manipulation of the 


accomplished by @ magnet (nonmays 
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‘ 
ead found te direct prot tional to the 
‘ are f hydrogen and independent ot 
he exact amount of CO or N, present. Th nice 
Pl. ‘ lene the eadin vith total pre ire allowed 
ise the elative nsensitive butyl phthalate 
ole A detailed drawing, f the thermal col 
wos ive used to obtain the now! 
avi os 
‘ ou ittentior Vas given t everai in 
4 tant deta Dhese neluded thorough bake oul 
y ‘ ment bet tart 
| | «| | il te erature control of the tin bal frequent 
/ check md caretu ise of the thermal cor 
| / ict ive cell (Ot equal mportance Wa thie 
cauretul miple preparation nee a Clea! 
‘ | wine i ‘ ivtuce Vas ¢ ential in obtainin consistent 
‘ j |? to anal trie ample were tempo 
i taken out of the quid nitroge! torage vessel 
te hot-blasted to emove cule and rust 
|, PL) I} peration took less than 30 sec. At the time of 
trie hot-blasted ul ple W removed tron 
| 
ae he liquid nitrogen and a piece of appropriate size 
Ke the ar ple na vise and hit 
with ha mie Th Wa allowed to 
terpe ature wetone and Wa 
hie carbon tetrachloride The piece was then 
fev econad mn wart “ul hed, and 
rites the vacuul ter The “amp 
is Hed with tor to prevent possible 
outure f the tu An averave time 
i it Zi ! react ul to Wasl ay 
in maenetic can). Thy introduce the ple into the analytical ten 
were CO est ite the efficren froven retentlor 
¢ \ thie thie i! aevice and the ucceurat of the 
the nt = | en ana ‘ The method of testing wi ed 
ri thee il ty of hydrogen in liquid tron 
he snalvyt ection of the stus bed by Carne Chipman, and 
i (it) \ ‘ | 15 It ived the equiilt ration oft ua Pa ofl 
eet the } pre ive (mixture of hydrogen 
the « this leet he im) witl quid iron in controlled atmosphere 
thie eutoft (C.) rhe pri re like firect the lurnace Vi compared to 
this i calculated from the hydrogen pre ire of 
\ taken on the esult f these tests indicated that the coppe! 
ant (ke) this tube combinatiol vith the analytica 
W ‘ iit ik ) | itu ise was cupable ol operat on to an uccu 
of ble erat ond nd n within *5 pet of the true hydro 
equil ‘ ache | er ntent the quid metal at the nstant ol 
! reat? ‘ euatil the pore i i i hie mipie la tube ample! howed 
i ‘ thy or t} ercu ( pre and fo th reason the 
Phe quantit ¢ ected the mercial furnace tests a Question 
‘ thy rt | (det ned epresentative ot the batt thi 
thie ondu nd et rh the poor Phe accurae 
rit ited) thy thie procedure cann it be idged 
the burette reading) nd the t erature of the esults when carried out in a careful manne Or 
ected (re if i ther rriet ) joe i mportance in U egard was the need 
santit ectior; event be ! nm the poon 
itracted ! mnt of ‘ ( cu ent vith thie ampin method ised Nid 
cted thre stone ‘ i thie of preventil liffusion of [ drogen out 
i j lead thie f thy ple fror the time the vere tuken unt 
nt the | ‘ rhe id be ana ead hie procedure ised Wa to 
the more isual taunt wt ‘ trover t ave was tested f 14 randon 
stint rm thie i ‘ tot ‘ ire 141 neludit hand low carbor bot? 
md ove 0 tii thie i thie ete nd witl it ow additiolr of nicks 


Fig. 4—Logs of acid heats AO 2, AO 3, and AO 4 


Fig 6—Logs of basic electric heats BE 3, BE 4, and BE 5 


c s of basic electric heats BE 6 and BEB 


Fig. 5—Logs of basic open hearth heats BO 2 and BO 3 
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Fiq & Logs of basic electric heats BE 10 and BE 11 
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roth nd ‘ hat incidental serie of teat 
i eal ? ‘ te eflect 
ine Phree comy thew t n, 12 pet ¢ on 
1 18H poet et N vere prepared a nductior 
we i f exch compositior vere 
en tempe iture 196 Room tempe iture dif 
nie ‘ fie ! naund pet ¢ fain 
i ‘ ere i! | The hydroven content 
! ped it il rhe half of thie 
| thie thre pet pet J il ple 
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tev erutu ndicatin that on 
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~ 
luring the heats and pertinent iten from the heat 
Fig to The acid open hearth heat 


designated AO, were made in a 20-ton furnace using 
fuel with air atomization. The basi open hearth 
heat designated BO, were made in 200-ton fur 


ace ising oil and vas fuel with steam atomization 
Thi electri furnace heat ag ynated BE were 

ade in 25 and 50-ton furnace Several additional 
heats were sampled just before tapping and through 


the teeming operation 


It nstructive, as well as convenient, in discu 
the factors affecting the hydrogen content in the 
ctics tudied to consider each heat a divided 
nto three separate period carbon oxidation, de 
dation, and tapping and teemin The following 
liscussion is based primarily on the heats sampled 
n th vork but also leans heavily on the literature 


reviousl mentioned 


Hydrogen Content During Carbon Oxidation—In 
Jl the heats sampled, the hydrogen content of the 


suid metal was lower at some time during the 
lizing period than at later stage High initial 
! froven content at meltdown were found to drop 


th the onset of the carbon oxidation reaction. The 


evolutior of CQO pga bubble formed carbon 
dation obviousl flushed hydrogen out of the 
ath However, in the fuel-fired heats at least, the 
hydrogen content did not continue to drop indefi 
ite is CO evolution continued. Rather, the hydro 
en content tended to approach a fairly constant low 
ilue (not zero) which was maintained low onl 
is long as carbon oxidation occurred at a sufficient! 
high rate Low initial hydrogen contents at melt 
lown were maintained low only at ifficiently high 
irbon oxidation rate If the rate of carbon ox di 
tion decreased, the hydrogen content wa ene ill 
! ind to increase 


The mportance of carbon oxidation in obtainin 


y | lroven heats cannot be denied because the 
flushi action provided by the CO evolution ap 
pears to provide the only means in normal practice 
ft removir hydrogen from the bath. However, the 
effectiveness of the flushing action in obtaining low 
en content ‘ videl fror practice t 


adutior ite of O50 pect Vere il 
Vt the hvdrogen content of the basic open heart! 
heat ich below 4 ppn milar hydroget 
ritent n acid open hearth heat vere obtained at 
imbor dation ite of onl 10 pet re Al 
hie j el content it the end of the datior 
‘ dd of basic open hearth heat vere cor lerabl 
t hie than found in the basic electric heat even 
thoupl made inde! imila i and comparable 
bar Kidation rate (onside heats BO-2 and 
I ‘ an pole These vere both ibiected to a 
ipbon oxidation rate of pet pe } At 
the end { th tire the basi oper hearth til 
had a} jrogen content eate than 4 py 
the | i en content of the t electric heat wa 
inate 
va ithor n the effectivene of the flushu 
ction in obtain low hydrogen content ! pra 
tice to ind the tenden fo the } cl 
tent is the ite f lecreased 
ite tha exte! e hya er ib ptior Via 
ecu evel i ed h ven Wa pein 
ed | lution That | en at rptior 
ecu f prime importance. It me that th 
| content the batt nt ed the 
lifference between the ite | er ibsorptior 
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and the rate of hydrogen removal rather than by 


the rate of removal alone In order for the hydrogen 


content to drop, the rate of carbon oxidation must 

be sufficient to provide enough flushing action to ' ’ 

overcome the rate of hydrogen absorption The 


fairly constant low hydrogen content frequently 

found for long periods during refining must be con 

idered to represent a balance between these two 

rates rather than a static condition 

That hydrogen absorption occurs is not surprisin} , 

in view of the substantial quantities of water vapo! ‘ 

present in the furnace. The products of combustion ‘1 

of an open hearth flame contain 15 to 25 pet wate! 

vapor by volume. The moisture content of ore lime 

tone. or other slag additions often exceeds 5 pet b 

weight. Even atmospheric air leaking into the fut 

nace may contain 6 pet moisture by volume on a x 

humid summer day. The absorption of only 8.2 g ol 

water in a ton of steel would increase the hydrogen Fig. 10—Maximum hydrogen content in carbon tree metal 

content by 1 ppm and it is known that water vapo! under hag Se water 

coming in contact with liquid steel readily re 

duced to hydrogen and absorbed. If it be granted the heat. Quantitative estimates of the apparent rate 

that hvdrogen ab orption oceul then the variation if hydrogen absorption in the heat tudied (to be 

in the role of carbon oxidation fron practice to presented in detail) indicated that this rate ma 

practice and even within a given practice, | readil vary markedly, even within a ven practice, It wa 

ex} lained. The lower hydrogen content in the busi felt that these variation Thiet be largel due to 

electric practice at the end of the oxidizing period ariations in the ze and moisture content of slap 

as compared to the basic Open hearth practice | addition 

attributed to the lower moisture content of the eles Effect of Deoxidation—The increase in the hydro 

tric furnace atmosphere en content of the acid and baste pen hearth heat 
The lower carbon oxidation rate nece ul to as the ate of carbon oxidation decreased wa ren 
ive low hydrogen contents In at id open hearth a erally accentuated upon full deoxidation im the fur 

compared to basic open hearth practice are attrib nace ‘uch an inerease must be expected because 

uted to a lower hydrogen ab orption rate provided there no lone inv CO evolution to remove thy 

by acid slag. Recent work ha confirmed the solu hvdrovetr ' absorbed | the bat 

bility of water in slag and supports the findin In several case woe hydrogen was undoubted! 

of Wentrup et al that acid sla contain le di ipplied | the deoxidation additions themselve 
olved hydrogen than basi lags in commercial Ana , performed | Piper et al howed that 

practice. The slag apparently acts as an imperfect ferroalloy may contain considerable hydrogen 

barrier between water introduced into the furnace either as d olved } lrogen oO is adsorbed water 
ind the liquid bath in a manne imilar to the effect In thi evard. preheating the allo hefore addition 

of the slag on oxygen transfer to the bath has bee! wweested. However, some of the increase 
Direct additions of ore to the lag increased the n hvdrogen content een neon tert with the 
ate of oxygen absorption by the bath. If the ore mall we ht of the usual addition ndicating that 

added contained moisture, it would have undoubt hvdreven may also have been supplied by continu 

edly increased the rate of hydrogen abserption b ; reduction of water dissolved in the sla 

the bath as well. However, the effect of moisture I fhe rate of absorption of hydrogen dissolved in 

ore additions on the bath hydrogen content may not the slag under blocked conditions was inv tigated 

become immediately apparent because the ore ils » one acid and one basic open hearth heat hy hold 
nereases the rate of carbon oxidation at! d thus the ne thes » the furnace for about 30 min after 
ate of hydrogen removal as wt ll Moisture n sla blensilate n order to magnify the effect. The } aro 

addition uch as burnt lime which doe not pa en content of the basic heat, No RO-3. which wa 
ticularly accelerate the rate of carbon xidatior blocked | an addition of ferrosilicon and ferro 
navy have a directly noticeable effect on the hydro mangnnest nereased at a stead ate from 3 to 6 
en content, especially if made toward the end of was not thought to 

the alloy because 


vas found to be 
found 
the furnace ithough anothers milar addition wa 
d rh the vile The conclusion was drawn that 
tin the liu vas ubsorbed b thy 


about O.1 pp! per min such an 


ont 


locked 


ab 


Fig 9 Limiting hydrogen content of liquid iron under at ption t the batt col derabl lower undet 


mospheres containing water vapor at 1600°C 
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aa 
effect wa not fam” in the acid heat 10-4 
which was initially b ferrosilicon addi 
tio ind then b an addition of 
The droven content did net appreciabl on 
ae 
t? heat Jote that the allo ndded 
this case were preheated Chese results confirm the y 
‘ +} thy af lrovem 


Fig Relation of exper 
mental data to limiting hydro 


gen content 


Average Values of Hydrogen Content at Tap for Acid and 
Electric Two Slag Steels 


lable Ul 
Open Hearth and Basi 


Basi 


My drogen 
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tipen i fipen 

earth ‘ ‘ Hearth sampling 
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J 
‘ 
of 
iM 
vere eked aut the de inne? j idle efract ‘ { ladle 
‘ eve the oxid i i esult lrovgen absorptior Ir re eri of 
‘ 1} tent which no idle addition vere made a 
j } add heat tapped into new lined ladle howed 
mad hite to the ele elt frover nerease of 1.0 ppr (On the t) ad ust 
rhe tent was found 1 crease shart f th idle. the wa () ppn Th ib 
erforming th peratior I apid tantiates previous reports of the danger of hydro 
indoubted ter thee oimture cor er ckup fro morture ev ned ladle 
! aul trie ariel poe i thie bial ‘ Increnuse thy drove! content of i ! ic? i 2 
! i iat iv? have been eported in the literature due to wet 
one ‘ that th ' ‘ ee ild be held t imi efract ‘ ind hydrovenous ladle additions (not 
j j thy widiitvor +} ouvh il } ‘ il) The effect of wet efractortie Vi hown 
the: burnt | thre tiudiedd th nerenuse¢ iwain in heat 100-3 vhich the } froven content 
— e 1.0 Di vhen the heat was teemed into a wet 
, 1 A further series of tests showing the effect 
ee it ture in the mold wash and hydrogenous mold 
how! | } ‘ mold Vere 
unples taken from the open toy mmediately upon 
filling were analyzed for hydrogen. Samples fron 
ve heavily tarred steel mold showed an average 
‘ nitent {a pp} compare j ppt to 
, ‘ ) 
ea tee] molds of exact the same shape and size 
imple fror aad and mold showed about the 
i contained htly } hie } lroven 
Heat BO-2 i semuk ed heat howed a lowe! 
found in the furnace I} heat could have lost 
the ent of ve vw hvd en cot hyd continuil CO ition. However 
} ‘ ‘ educin Bu wlougth eported that a ro to OF ppr 
‘ ‘ nt cha ‘ on treed epeated on tauppil | led rade 
hit erase Par ed 1 when the imme ladle ind no le were thoroughl 
constant iried wh ‘ ‘ vere eldor found thie 
‘ rite f il thie nie it il Decutine trie di 
‘ ‘ i nit ! rm Cale ition of the effect of his ture 
rie thi ¢ ‘ i iit il the ? en content ! teu ee’ Delow ipport 
‘ treat provided the atr phe hut {it 
fit ‘ fiscussed i ite iol Conve the caleulatiorn confirn 
that } absorbed fron the atmo 
iv tent ty il 1 tor be he } It thought +} it ict 
i i ina wre hal mia 
it i i thie | i feo thre 
ed steel 1 with Summary of Experimental Results 
It en menta ‘ ilt lieste that the bye 
j ‘ if ‘ ts edi } wie the } ‘ ‘ ntent du the j 
| 


the heat is controlled by the difference between the through the turnace never achieved ince thi 
ite f two opposing processt hydrogen absorp vould involve conversion of all the metal into ling 

tion from the lag due to moisture present in the Neverthels it is possible to \ ualize certain con 

furnace, and hydrogen removal from the metal due fition n which the limit hvdrogen concentra 

to gas evolution Increased moisture content in the tion in the bath can be calculated from con idera 

furnace atmosphere increased the rate of hydrogen tion of part al equilib in The use of the above 

absorption rhe lag acts as a protective blanket equations in fixing the limiting hydrogen content 

and at the ame time as a reservoir for motsture inde certain mplifying conditior will be illu 
ntroduced into the furnace wid slag being more trated in the following hypothetical case 

effective protector of the bath than basi lag When the bath is exposed to a limited flow of ga 

Increased rat of carbon oxidation increased the and the gas composition tends to adjust itself to that 
ate of hydrogen removal In the absence of carbor of the teel, the lmiutin hvdroven content ts calcu 
dation. hvdrogen content was noted to rist ible Let a mixture ofl team and inert ga bn 
The average value of the hydrogen content at tap brought into contact with a bath whose oxyvyven con 
eflects the net effect of the factors noted. Table I] tent is fixed, a for example by the presence of 
immar!ze the value obtained in the more recent manganese ot hheon Let} represent the initial 
nvestigations of the three practice tudied. ‘These partial pressure of steam in the entering ga At a 

are in agreement in showing that acid open hearth viven fixed total pressure the steam | reduced b 
teels generally contain the least hydrogen, two-slajs eaction with the liquid metal according to the pat 

basic electric steels contain more, and basic open tial pressure balance 

hearth steels have the highest hydrogen content at 2 

tap. Differences in the absolute values may be at dies = te 

tributed in part to variations in the practice and Phen by Eqs. 1 and 

to the experimental me thods used. Of the result 

listed, Wentrup et al eported higher hydrogen kK | 

and Sims et al lower values than found It convenient to define a quantit | uch that 


work 
The remaining portions of this paper are devoted l K (| kK | |) 


attempt to place the experimental re ults on o thet fo 


at 
become 


fundamental and quantitative ba 


(p ) | 4] 


Thermodynamic Information 
A partial understanding of the behavior of hydro 


en in the metal bath may be attained through con 


The relationship given in Eq. 4 between limiting 


drogen and ox pen content and the initial feum 


ressure | hown in Fig. 9 for a temperature of 


ideration of the limiting condition mposed b I 
equilibrium in the reaction of an atmo phere con 1600 C. It is pointed out that the calculation 
taining hvdrogen and water vapor with liquid iron for a carbon-free ten Phe diluting effects of CO 
Gaseous hydrogen dissolves in liquid tron accord and CO, will be considered lates 
ig to the eaction A light! tuation arise if miuxture 
if steam and inert gas is blown over the urface ol 
! H. (gas) H (dissolved) thie lia which cove! a bath of carbon-tree metal 
ince steam | oluble in the slag, the metal is effec 
[H] Ku (ps.) tively exposed to steam at its initial pressure in the 
A) tream At the ame time the hydrogen formed 
When [Hy the concentration of d olved hydrogen by reduction of H.©O at the layg-metal interface can 
measured in parts per million, and j the partial not diffuse through the sla ind its pre ure may be 
pes ure of hydrogen measured in atmosphere built up to higher level Phe limitin hydrogen 
the equilibrium constant Kk has a value of 27 at content \btained by directly combining Bq l and 
1H00 ¢ The pre ion for the concentration ol 
olved hydrogs tliat vert aw. The 


ation 5, K a“ 


function of ter 


and Grant indi hown in 10 
dent that the fore 


iil teeimiunil Co 
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il 
me 
equilibrium con tant ma be expre ed as a tune 
f absolute temperature for pure liquid ron as tof K | H| ()|/ pu | 
Wator th redominantl able Late 
wa 1600 ¢ 183 and, expressed as a 
t} ful her n above 
hvdrovgen in the furnace att p! perature 10.390/1 7.8) rela 
thy lu because of the ela e] ven pl tinmahin is thi jered by Carne 
‘ i it 
ire prevallin Howeve! if wate Vapor come if 
contact with the liquid metal if hocall reduced te epre 
i 
hydrogen to conform to the equilibriun ditions How 
H H O(d ved eve the experimental data obtained bear a close a5 
elation to the formulation leveloped n 
K | which taken 4s measure o hie miitin ! 
en content the obese ed condition This 
The value of the constant, K ippros ite } hown in F ll b plotting the experimental 58 
| 
HOO ¢ ind ma be expre ed a a function of content against i round of 
d oper t} 
absolute temperature fo pure liquid moa a epresentit Eq. 4 vote tha he acid open hea pores 
K 7050 it lootte ad it a not nial wiite ‘ itt 
The ‘ equatio! are ect it | of itr corre pondin to i! i 
‘ 
te the nonea im conditior met with atomized oil flare The basic open hearth hea ute 
ible to tl ( qu 
It bys that ¢ rylete otted at nor nal ten ‘ ive of O20 atm 
tou i} ! if «ct i ‘ 
tal bath with the gases flowir corresponding to a steam-atomized oil flame, The a 
equilibrium of the metal ba with th a te 


Studied in Thi 


Fig. 12- Theoretical thushing curves showing effect of cor 
bon oxidation on hydrogen content in the absence of hydro 


gen absorption 


Werk 


Table Ill. Calculations of Apparent Hydrogen Absorption Rates 


Hydrogen Analysis Data Carbon Analysis Data Apparent 
Calculated Hydrogen 
Rate Absorption 
Points of tt 
t Kemeoval Kate 
obs 4 Points rpm 
pm pm per Min per Ur per Min per Min 


Heats Keported by Piper et al 


the atmo culated value as would be expected due to the flush 
ng action provided by CO evolution. The hydrogen 

content rose toward the calculated value in the 

wid and bast open hearth practice when the heat 

od of the heat the were deoxidized. The calculations predict that the 
ntained below the cal hydrogen content of the basic and acid open hearth 
heats would eventually rise to a value of about 11 

ppm if held under deoxidized conditions for a suffi 

erent time On the other hand, the addition of the 

reducing slag materials to the basic electric heat 

aised the hydrogen content close to but lightly 

above the calculated value, and no further increase 

predicted, as was found experimentally Thi 
fivure brings out another interesting point about 
basic electric furnace heats; namely, a trend toward 

hydrogen content at tap when the atmo 
humidity is high. This may be due as much 
he burnt lime added as to any direct effect of 
the furnace atmosphere ince lime tends to absorb 
more water on moist day 

Calculation of Flushing Action Provided by Car- 
bon Oxidation——The thermodynamic formulation 
culminating in Eq. 4 was used to show how much 
hydrogen could be dissolved in liquid iron from an 
itmosphere containing water vapor and hydrogen 

n the absence of any lay layer It can also be 

to the reverse case of eliminating hydroget 
flushing action provided by gas evolution In 

calculation, it 1 assumed that the 

shing action of gas evolution ts theoretically pet 
t and limited only by equilibrium consideration 
Consider a given bubble of gas evolving at the 
urface of the bath which contains CO, CO., H., and 
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rpm rpm 
ni 
i ; 24 24 22 12 0 08 0 06 
i 24 ‘ 60 15 01160 0 081 
‘ 2 27 0.36 
42 4 47 4 0 O 1346 0.146 
‘ +7 2 ‘8 4 0 187 0.187 
blocked 0 0.081 
2 “4 4 19 0 O7F 
tead 247 202 7 004 004% 
= tead 4 w 2 O70 
24 25 22 0 097 0.121 
64 2 5 244 02 
2 22 25 24 0 0.17 
‘ ‘ ( 2? 20 2 166 
‘ “2 vt 0118 141 
‘ i4 4 22 010 009 
‘ 0 #2 20 24 0 126 
“2 “ 25 29 0145 0 08 
i ‘ ‘ 7 2 0 0.09 0.106 
a4 2 20 2 0 159 229 
a7 42 65 2 0.148 014 
0 O52 42 7 25 2 108 
24 2 15 28 328 0.381 
wie 
‘ O02 ‘ent 22 “0 77 22¢ 020 
te 7 ‘ “ 95 0027 0.027 
t ‘ 2 115 24 0107 
herve tit determi 
the time the heat wis mise 
Weoiuthe bureau) 
thie oxid ne 
content Vere 
t 


H.O as its main constituent By the ideal gas law Acid f H ' 


the volume dV, of the constituents bear the follow- 


ing relation to the partial pressure 


lhe term P, is the total pressure of the emerging hatadactcblinnle y LIN 


bubble, and the term p p is equivalent to the ” , = 
quantity defined as p except that in this case it en hearth open hearth 
the water vapor pressure of the emerging bubbk practice prac? 
ather than of the entering ga Fach bubble of ga r. 
containing d\ dVu« depletes the bath by d [H] ] 


H 


Rach bubble of gas containing d\ d\ deplete F | a 
+} } int rt } 3%, 
| po Ca ON) * 


d[{C] W 359 


2 10’ 


i 


where W equals the weight of the bath in pound ; a, | 
Substituting the foregoing relations in Eq. 3 give i" 
the relation between the amount of hydrogen re 
oved and the amount of carbon oxidized ‘ ‘ ; 


d 
d{C] [Hj 


[6] Fig. 13--Average hydrogen content vs apparent hydrogen 
absorption rate during oxidation period 


Differentiating with respect to time, assuming the 


total pressure equals | atm, noting that [HJ] 1 tudied in this work and those reported by Piper et 
much smaller than | choosing a value of L equal al a hown in Table Ill The results are plotted 
to 26.0 (an average for 1600 C and oxvyen content in Fig. 13. which show the average hydrogen con 
from 0 to 0.05 pet), the following equation govern tent plotted against the calculated rate of hydrogen 
ing the rate of hydrogen removal, as affected by a absorption. The numbers beside the points indicate 
siven rate of carbon oxidation under typical prac the carbon oxidation rate and the arrows indicate 
tice condition may be written the direction of chanve of the hydrogen content 
d {H] d[C] The hydrogen absorption rate in acid open hearth 
| 10 {H| {7 | practice is lower than in basic open hearth practice 
at at In the acid practice, the hydrogen absorption rate 
dH] vere found to be le than O10 ppm per min. In 
where is the rate of hvdroven removed in basic Open hearth practice hydrogen absorption 
at rate under 0.10 ppm per min were rarely found 
: and absorption rate as high as 045 ppm were 
py per ' d{C] is the rate of carbon oxidation encountered) The hydrogen absorption rates found 
at in basic electric practice were also found to be low 
However, Piper et al indicated that this may not 
n pet per hr, and [H] the hydrogen content in neceedasiiy have babe ab in all enn 
ppm d{C] Two other important points are apparent 
Integration of Eq. 7 for constant values of 1) At a given absorption rate, higher carbon 
at oxidation rate produce lower hydrogen content 
esults in the relation between hydrogen content hi hown by the carbon oxidation rate number 
and t e plotted in | 12. ‘These curve how how vhich increase in gpoing from high to low hydroyven 
the hydrogen content would drop under variou content on an ertical line in Fig. 13. This decrease 
ites of carbon oxidation if no hydrogen were bein, of hydrogen content with increasing carbon oxida 
absorbed by the bath tion rate hows the independent effect of gas evolu 
Rate of Hydrogen Absorption—The rate of hydro tior 
er ibsorption can be calculated from a Higher hydrogen ab orptlion rate ire 
material balance: ciated with higher rate of carbon oxidation Thi 
| hown in Fig. 13 by the increase in the carbon 
oxidation rate numbers on going from low to high 
absorption content per unit time absorption rates at any niven hydrogen content 
rate of hydrogen This increase of the absorption rate with increasing 
emoval carbon oxidation rate is believed to be the result of 
two effects; namely, the increased boil rate whict 
The change in hydrogen content per unit of time car cause more intimate mixing of the slay. metal. and 
be obtained from a series of hydrogen analyses of furnace pase and introduction of moisture with 
the bath; the rate of hydrogen removal may be ti- heavy ore addition which also cause increased 
mated from Eq. 7. This was done for the heat boil rates. Unfortunately, no direct test of this latte: 
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dVu. + dVw pu, + Pu pu, + pu 
dVew + dV Pow + p P (pu, + change of hydrogen content 
‘ 
5 
dy ay 44 ‘ 
tag 


Conclusions 
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Selective Sulfation for Cadmium Recovery At 
Josephtown Smelter 


Investigation of the autogentic sulfation of cadmium oxide by zinc sulfate has dis 
closed the existence of a sulfation series in which sulfates higher in the series will, upon 
heat treatment of a mixture, sulfate oxides of metals lower in the series 


An early com 
mercial application of this research at Josephtown Smelter is described 
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Table | Cadmium Solubility as a Function of Temperature 


Water soluble Cadmit 


Temperature 


oluble 


thie 


concentration ofl 

equence i relaty 

Table Influence of Ratio of Zinc Sulfate to Codmum 
With | Hr Heat at 550°C 
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fe treatment of comple, ilfa that a ilfate i! apparentl etlect 
tion technique nelude acid leachil ind baku it hy che ee of cad im extract om oxidized 
vith sulfuric acid. As generally applied, these se 
| methods ol! ilfation require the ise of Pest \ e conducted ¢ i large cale emplovin 
il a col la ne con rat it ill ‘ t’ial oti thie iti t Ho tl wea 
tive to that eportil Dle oduct nd i! il ext ict btained threese 
nia ni i and 
ition to fume product ay have unde ible oasted products were leached with solutions a 
fae 
complicating features. I the purpose of t! pape iltate 
tr, describe the test work and the commercial ap} . stud vas then made 1 letermine wh hie Bee 
ation of a different method ol! elective ilfation t cad il fume which had bee! ousted at relativel ams fF 
Vhich exce not required and wheret A temperature I borate 
the cudmium content of a smelter Ture endered elded vod cadmiu extraction but fume whuiel Bes 
Vule! oluble while it the ame time the accot had beet asted thie otal kiln at more ¢ 
pul and arsenic are made te perature oor extraction 
I At Josephtow! cud It was found that olu ! ilfute would 
from fume produced thie ! it cit oa limited extent 
cudl im recovel practice consisted of le the cadmium obtained tro 
furne with byproduct Weak acid (sulfuric) oasted at low temperature due to the facet that 
crude cadmiun ponve of slime cud il he hea ed product form 
icteristsi Trot! neutral solution by the i Vule ullite 
rie {ust roasting thie crude proripe releaching I} phenomena ol ulfation hen 
igpested the basis for a tematic investigation 
\t Josephtown Smc bearing 
collected by dedusting sintering machine pases 
10 pet iz 
‘ fu ‘ mproxr ite 41 10) 
| 25 pet Fe, 0.4 pet A 10 pet total sulfu and 4 = 
water leach of the iw furne disclo ed that ap 
mimuate 15 pet of the cadmiun and 18 pet of 
thy ‘ vil owe thie 
with product ilfuric acid, and cementing a b quet iH 
ne slab rmatel 00 C for a period of 
i i 
Appre as 
onate 
high 
ind 
tion) 
on 
< 
considerable ion cad | | 
cadmium sulfide when zine dust was added to solu Mie 
thon The sarne compounds were ulso apparenu ‘ ‘ 
ponmsible for a high rate of cadn im resolution 
eurru during filtering of sponge. Effective contro! 
mpuritie throughout the circuit Nia 
vith the result that cad! im sponge obtained contained it whitle vite oluble ne 
this na tupe if cementatior en er thie cle pet ofl the contamed 
juetting jualit Jet effects of these ¢ rie 
cuit characteristi were low efficren of cadmium This experiment demonstrated that iituble heat 
re t } elect | the 
rit Tage 
i 
(Oxidatiol 
nasmall scale and ind ‘ ‘ i m oof raw furne made 
ent mm cireuit characte tic However, the } iifficeult the definition of basic facto the 
ntent of educed ilfur compound nm the olu nvest ste eactiol ecu heal 
tio! ide oxidation inattractive econo Cul tre tel nthet rrie*t ( i} 
! the cadmium fume prior to leach I} eaupent ide component 
ndicated that roastin the furne to a Well ¢ dized euct tent oye hundred i! af 
oduct would also effect imy ement in circu ‘ vere place ' lish and hea 2 
review of note which had been compiled | i ni 
id in metallul lurin thy ea eu of heact betwer ‘ ilfate and cuadr int peice a 
losephtow! te produced a notation whict id In one erie ‘ ‘ 
tated that a olut A ia it ture cf ! i ( if) » pct i 
cadmiut thy atte vere ry the vidized state pet Z is ZnSO, was hea enuted for 1 
1957, 


lriiurn solubility as a function of temperature are Treatment of Cadmium Fume 
n Table I Having defined the principle of autogenous cad 
These data confirm that zine ilfate will sulfate ! im ilfation in ome detail Work Wa then 
. oxide. A temperature of 750 ( was indi indertaken to investigate methods for olubilizing 
thie 1 effective, although appreciable the cadmium in raw fume. Samples of fume were 
eauction took place at temperatures considerably be heat treated to demonstrate the effect of tempera- 
that at which zine iitute tarts to decompose ture on formation of cadmium sulfate. As in pre 
lests were conducted to study the influence of the vious test duration of heat treatment was | h 
i! ! zine sulfate to cadmium oxide upon cad lable II] summarizes the results of this work 
ltubaibit I } cal re iit with heat treat The data indicate that a heat treating te mpera- 
ent to rh “ut oo0 Were a nhown in Table I] ture of 400 to 650 C i probably optimum for max! 
Dhese data confirm, as theory would suggest, that mum solubthzation of cadmium in thi pecies of 


fate to cadmium oxide ts increased A number of heat treating tests were conducted 
Sulfation Series Also investigated were the il on samples of fume collected during differing period 
futur characteristi of other ulfate und oxide These tests consistently confirmed that more than 
Ve tiadlac ilfate and oxide tudied included those 80 pet of the cadmium could be solubilized by heat 
f aluminum, iron, copper, zine, cadmium, and lead treating for 1 hr at approximately 500°C. In many 
Mixture vere prepared containing one metallie tests cadmium extractions exceeding 90 pct were 
ilfuate and one or more of the oxide Heat treating btained 
lithe were a temperature of 500° to 550 C and Optimum sulfation of cadmium in fume occurred 
lence period of 1 hr. This work disclosed that at temperature somewhat lower than in synthets 
th ferrous and ferrie sulfate would sulfate oxide mixture which contained cadmium oxide, zine 
! wluminum, copper, zinc, and cadmium. In one test oxide, and zine sulfate. This behavior ts likely due to 
Kture containing 49 pet CdO, 3.1 pet CuO, 3.1 1) Intimate association of fume constituent 
z) Oxidation of reduced ulfur compound to 
ulfate and 
Table lit Effect of Temperature on Formation of Cadmium Sulfate {) As a consequence of this oxidation, local 
temperature in fume undergoing heat treatment 
emprrature ‘ Water Seluble Cadmiam, Pet 


are actually omewhat higher than indicated by 


pyromete! 


: 18 rests were made to study influence cf treatment 
un ' time on cadmium sulfation. This work indicated that 
; - a minimum of 30 to 45 min at 500°C is required for 
attainment of maximum cadmium solubilization 
- No decrease in cadmium solubility was found with 
heat treatment for extended periods of time (max1- 
pet Z2nQ, 49 pet ALO, 20.7 pet silica flour, and 64.3 mum investigated, 6 hr) 
et Fe.(SO.),.-H.O was heat treated. A water leach A typical analysis of fume before and after heat 
extracted 99 pet of the zine, 98 pet of the cadmium treatment | hown in Table IV 
pet of the copper, and 18 pet of the aluminum Characteristics of Leach Solutions Solutions ob- 
Viuminun ulfate was found to be effective in 
ilfuting oxides of cadmiut zine, and copper, but 
t on. Copp ilfate in turn was found to sulfate 


Table IV. Typical Analyses of Fume Before and After Heat Treatment 


or iron 


| 


eflective in sulfating any 


tri 
the f metals from heat treated Pet Pet Pet Pet Pet retal 
ture which contained lead oxide were lowe! 
than from similar mixtures which contained no lead 
The results of this work indicate that the metal + ted 
un be arranged in a sulfation seri imilar in it 
npleation for elective ulfation to the electro 
at ‘ ere for displacement of me tals from solu 
nm For the metals which were studied the sulfa tained by water leaching of heat treated fume con 
tion seris isted in decreasing order for tendency to tained approximately ten times as much cadmium 
e up SO, i FeSO. Fe.(SO.).. AL(SO,),. CuSO as zinc. This compares with a ratio of about 0.19 
CdSO. and PbSO cadmium to zine in raw 
Phe sequence of metal n the above series corre Solutions were remarkably free of impurits A 
ponds with recorded temperatures for decomposi typical solution containing 40 g per liter Cd ana 
tion of the ulfuate if the data of Mostowitsch’ for lyzed a hown in Table V 
lecomposition of PbSO, are accepted rather than As a result of this low impurity content, no pur! 
those of Hofman-Wanjukow. Results of these test fication of solutions is required prior to recovery ol 
ndicate that sulfates of iron, aluminum, copper, and cadmium. Cadmium sponge produced by cementa- 
ne Will solubilize cadmium The ignificance otf tion with zine is of excellent briquetting quality 


ead being lowest in the sulfation series is that lead It was demonstrated that a slurry of heat treated 
ulfated | cadmium. Accordingly, if cadmiun fume has appreciable capacity to purify solution 
to be sulfated in a material containing lead, suffi contaminated with arsenic. A slurry of heat treated 
ent sulfate must be present to effect sulfation of fume containing 40 pet solids when added to a solu 
both metals. This was confirmed in tests which were tion of equal volume containing a couple of hundred 
mnducted with fumes containing appreciable lead milligrams arsenic per liter will reduce the arseni 
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Cu 


‘ of heat treated 
ne have a pH of approximately 


Characteristics 


racted approximately 95 pct of the 


compared with leaching of raw 


Ty pie al analyse 


Proposed Process 


o commercialize 
The projected p 
Cadmium fume would be heat treated to con 


approximately 
and 4 g Zn per lite 


Clarified pregnant 


Large Scale Tests 


were tested on a semicommercial 


equal to and excec ding rate 


indicated that 


approximate ly 


Table V. Analysis of Typical Leach Solution Containing 40 G per 


cadmium and le than 4 pet of the 
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apid and the sponge briquetted well. Specific grav 


ty of briquette Was of the order of 6.0 

Water leached residues of heat treated fume were 
leached with weak sulfuric acid. Extraction of zinc 
and of residual cadmium checked results obtained 


tory test The acid-leached solid had 


good settling properties and contained more than 40 


from labora 


pet Pb and less than 4 pet Zn 
Commercial Application 

A plant to accommodate the new cadmium circuit 
wus designed. Part of it has been completed and | 
now in operation. Major equipment items include an 
elevator-fted bin and rotary table feeder for mete: 
ing cadmium fume to a four-hearth gas fired 21 ft 
6 in. ID furnace of Nichols-Herreshot!l type. Furnace 
off-vases are dedusted. A ball mill slurries the heat 
treated fume with water. When the rest of the cu 
cuit is completed thi hurt will be dewatered on 


rotary vacuum filter Filtrate will pass to conven 


Table Vi. Typical Analyses of Water Leached Residues Before and 
After Leaching with Weak Acid 


Pet Pet Vet Vet Vet 

rh fu As he 
V ate ‘ hed re tise oda 


tional cementation tanks for production of briquette 
ponpee 

The heat treatment portion of the circuit wa 
placed in operation late in 1954. The furnace ha 
consistently produced a well sulfated product. Wate: 
Oluble cadmium has averaged more than 90° pet 
contained cadmium. ‘Temperature in the furnace 
are maintained at approximately 425 °C 

Pending completion of circuit changes the heat 
treated fume is being processed by the conventional 
leach method. Perhaps the most dramatic comment 
to make on the improvement in operating result 
achieved is to compare recovery of cadmium in the 
leach circuit under the old term (63 pet for 1953) 
with experience using the partially completed new 

tem (65 pet for the first nine months of 1955) 
Even higher recovers are expected when the 


changeover 1 complete 
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concentration to less than 1 mg per hter. This puri a i 
fying capacity is probably due to the large exce a 
of zinc oxide in the heat treated fume, which result iv 
in formation of an arsenw equestering precipitate 
Leach Residues Tests were 
conducted to determine characteristics of the high ri 
Zine residues resulting from water leaching of heat be 
lreated fume This work demonstrated that heat 
treatment improved amenability of olid to weak a 
acid leaching. Treatment of the water leached resi = 
dues with 50 g per liter sulfuric acid solutions ex op 
and 85 pet 
ot the enic Wa olubil- 
of water leached residues be 
fore and after leaching with weak acid are shown ae 
in Table VI es 
Results of the test work which 
has been described indicated that substantial im ers 
provement could be effected in the overall leach ber. 
Plan 
proce 
1) 
vert cadmium to water soluble sulfate Rat 
2) Heat treated fume would be leached with Ws 
water in two counter current stages to yield preg ie 
40 Cd 
solution would be treated 
without purification for recovery of cadmium 
ponpe Ge 
4) Water leached residues of heat treated fume abs 
would be leached with weak acid, and resulting ta 
olution would be proce ed in the existing leach Ee. 
circuit 
Particular steps in the new 
proce scale Cad 
mium fume was heat treated in a 21 ft 6 in. ID ‘ad 
Nichols-Herreshoff furnace at throughput rate 
of furne collection from 
inter machine gase Results a fou 
hearth furnace of similar diameter would be suffice: ~~ 
ent for processing EEE 20 tons of fume Bye; 
per day 
Metallurgical results were satisfactory. More than PO Eta 
Liter Cd 
BS 
Metal Concentration 
Zz $1 per liter 
Pt than 0 05 g pe te 
tha l wpe te 
00 pet of 
was rendered water soluble by heat treatment. Op fas 
timum heat treating temperature was indicated to he 
be 375° to 450°C es. 
Several tons of heat treated fume were tran re 
ferred to the Leach Plant for testing. Cadmium ex ae 
tractions of the order of 865 pet were obtained b ia 
two-stage water leaching 
Pre gnant | quor Wa treated in cementation tank mS. 
fo recovel of cadmium. Cementation rate wa 


Technical Note 


Remeasurement of Liquidus 


Temperatures of Mg-Ba Alloys 


p 


by K Anderko 


| iIVESTIGATIONS of the constitution of the y 


em My-Ba were first made by Grube and Diet 854 
ch between 0 and 47 atomic pet Ba and then by af ‘ al 
Klemm and Dincekelacker’ over the whole compos! 
termediate phases of the approximate formula 
and Mz,Ba, and showed a third compound to 


bu ithe than M Ba, a i 


ested by Grube and Dietrich. Mg.Ba had been pre ‘ 

i recognized by Hellner and Laves* as a 
('l4) type structure The main discrepancies be 
and those of 


lens md Dincekelacke exist howevel rm Grube etroch 
Kier nchelack 
juidus temperatures and solidifieation equilibria 
all more that ibout 10 atomic pet 


My Atomic Perce 


Table | Compositions and Liquidus Temperatures of Mg Ba Alloys 
Fig. |—Liquidus of the system Mg-Ba, comparing the results 


of Grube and Dietrich, Klemm and Dinckelacker, and the 
present work 


Prepared 


Intended ampeosition 


liquidus 


Compe Temper 

WH matic recorder, Careful stirring during the solidifica 
tion proce was required in order to avoid segrega 
tion. After thermal analys! ome of the cast alloy 
, were chemically analyzed. The intended and anal 
6n4 ed compositions of the ten alloys prepared areé 
ted in Table I. Since standard barium determina 
tions cannot differentiate between barium present a 
597° clement and as oxide, both the barium and mag 
nesium contents of the alloy were analyzed. The 
fact that the um of barium and magnesium wa 
— —-—_—_-— lose to 100 pet in each case was taken as evidence 

that no excessive oxidation had occurred 
Hin. “Th juidus temperatures measured by Grube Che liquidus temperatures measured are listed in 
nd Dietrict ind the outline of the liquidus of lable I and plotted in Fig. 1. As can be seen, the) 
Klemm and Dinckelacker are plotted in F lon at ire in good agreement with the liquidus found by 
ed Vithough there trot reasol Klemm and Dinckelackel Th leave no doubt that 
prete thie ' its of Klemm and Dinekelacker, it wa the thermal results of Grube and Dietrich above 10 

dered worthwhile te emeasure liquidus tem atomic pet Ba are incorrect 

peratures of some allo n the controversial compo his work was performed under the sponsorshy 
tol uri f the Pitman-Dunn Laboratories of Frankford At 
ae up: ed magnesiut enal, Philadelphia, Contract No. DA-11-022-ORD 
"9 t pet ire bari . elted in an Armes 975. Sponsorship and permission to publish by thi 

lynamiec a Ol itmosphere he i! utior ine ratefully acknowledged 


ana ‘ vere tuket i i Speedomax aut 
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AIME OFFICERS: 


PRESICENT sR OVER 


PASGT-PRESIOENT 


Kinze 
ViCE-PRESIOENTS—e BABSON, w A. DEAN 


“ Pierce 


TREASURER 


SECRETARY ENO 


AIME STAFF: 


SECRETARIES 


HEARMAN 


ass’T 


~ 


TREASURER ae 


ass'T 


FIELO SECRETARY & ASS'T. SECY € 


NEwWwROUSE 8.09 ane city Taw 


Boston to be Site of 11th Annual Regional Conference On 
Reactive Metals Planned 


For May in Los Angeles 


The llth Annual AIME New Eng Harry Besse, president of the Bo: The Second Reactive Metals Con 
land Regional Conference will be ton Stock Exchange will talk on ference j cheduled for May 28-29, 


New England Regional Conference 


held on Friday and Saturday May 17 Investments, Good and Bad, for the at the Ambassador Hotel in Los 
and 18, 1957, at Hotel Statler in Average Man Angeles, under the auspices of the 
Boston. Melting and Solidification 1 A metals engineering technical se AIME Southern California Section 
the theme of this program, which ion will be the highlight on Satur In addition to joint session the 
vill be of interest to those working day morning, with talks on Produc Metallurgical and Mining Societies 
in the cience and technology of tion Vacuum Melting, Single Crystal will meet eparately There will 
metal A session on metal cence Production for Transistor Applica also be an exhibit of equipment 
planned for Friday morning, with tion and Continuous Casting. The and fabrication techniques prepared 
the lead-off talk on Solidification of annual meeting of the Conference by variou companie Featured 
{lloys, followed by talks on Gases in Committee will follow a dutch treat peaker at the dinner on Tuesday, 
Metals and Principles of Solidifica- luncheon on Saturday May 28, is Jame sjoyd, former 
tion to Grain Refinement of Cast The Annual New England Regional USBM director, who i now vice 
Metals Conference 1 ponsored jointly by president, Kennecott Copper Corp 
the Boston and Connecticut Local He will discuss The Effect of Loca 
Plant Trips Section Chairman of the Confer tion of Reactive Metal Resources on 
On Friday afternoon a plant trip ence is Walter A. Backofen, Assist the Industrial Development of the 
will be made to General Electric ant Professor, MIT. Also serving on U.S gruce S. Old is the guest lec 
Co Measurements Laboratory at the conference committee are Del turer at the luncheon, Wednesday 
Lynn, Ma A social hour will mar E. Trout, Seoville Manufactur afternoon, his topic being Current 
be held between 5 and 6 pm The ing Co Waterbury Conn Vice Interests m Reactive Metal 
annual banquet at Hotel Statler will chairman; Donald L. Martin, General tegistration fee for AIME mem 
feature an addre by Rev. Daniel J Electric Co., Schenectady ecretary ber is $3.00: all other pay $5.00 
Linehan, S. J., on Operation Deep ind Sidney Siegal, General Plate Further information may be obtained 
Freeze. Following the banquet there Div., Metals & Control Corp Atth from B.S. Mesick, general chairman 
vill be an informal session on per boro, Ma treasurer A. D. Little Inc 727 W. 7th St 
onal financial management at which (Program below.) LL. A. 7, Cail 


New England Program on Melting and Solidification 


Following the banquet, there will be an informal 
Friday, May 17, 1957 ession on personal financial management at which 
Mr. Har Jesse, President of the Boston Stock 
Exchanpe Vill speak on Investment (,00d and 
9 30 am to 12:00 m—Metals Science Session Bad, for the Average Man 


Solidification of Alloys: by K. A. Jackson, Harvard 
University 

Gases in Metals: by C. M. Adams, MIT Saturday, May 18, 1957 

Principles of Solidification and Application to Grain 

Refinement of Cast Metals: by J. Walker, General 9 30 am to 12.00 m—Metals Engineering Session 

Electric Co., Research Laboratory 


Production Vacuum Melting: by W. W. Dyrkaez, Alle 
12:00 m—Dutch treat lunch theny Ludlum Steel Corp 


; 


Continuous Ca ting peaker to be announced 


1 30 to 4:30 pm—Field Trip to General Electric Company, 
Measurements Laboratory, Lynn, Mass 


Single Crystal Production for Transistor Application 
by B. H. Alexander, CBS-Hytror 


5:00 pm—Cocktail and social hour 12:00 m—Dutch treat lunch 
6 00 pm— Banquet Followed by the Annual Meeting of the Conference 
Speaker tev. Daniel J. Linehan, S.J Committee. This meeting is opened to all membe1 


Operation Dee p Freeze of the New England Re gional Section 
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AIME Installs Kinzel as President-Elect 


Metallurgical Engineering and D.Sc 


fork nstalled a IME presi from the University of Nancy in 
lent-Elect, at the \nnual Meeting France New York University 

Orlear He will serve a iwarded him an honorar Doctor of 
' nt beginnit Februar 195% Engineering degree Dr. Kinzel ha 
(jrove J. Holt, of Ishpeming, beer tively engaged in research 


arbide for the past 29 


trent Cleveland-Chiff ear ind his contributions cover a 
Iron Ce bee « President in 1957 wide range of activities in the field 
president f metallurgy, industrial gase and 

« of research, Union Carbide & itomic energy He pioneered in the 

bon Corp born in New theory f stainl tee! Wa re 
He received a BA lepree cu ponsible for solving difficulti 
mn math ftror Columbia Uni the welding and cutting of steel, and 
t iB n engineering fron has more than 40 patents issued in 


A B KINZEL 


Dr. Kinzel has served as consultant 
to various AEC installations includ 
ing Lo Alamo Oak Ridge Ar 


gonne Knolls Atomic Power, and 
Brookhaven Laboratori A a 
member of the Manhattan District 
Committee for World Control of 


Atomic Energy, he he Iped draft the 
report that wa the working basi 


for the Lillienthal and Baruch plan 
Coauthor of the Engineering Foun 

dation volume on low and high 

chromium alloys, Dr. Kinzel has also 


written more than 60 technical pa 


pers on metallurgy and physical 
chemistry of steelmaking, on ferro 
A N LD alloy testing and welding of metal 
and on applied mechani An a 


complished linguist, Dr. Kinzel ha 


Blast Furnace Officers 


The Nominating Committee of the 
AIME Blast Furnace, Coke Oven 
ind Raw Material Committes ha 
recommended the election of the fol 
Valley Mould and lron lowing offices for the tern tated 

chairman, | year, F. M. Hamilton 

Jones & Laughlin Steel Corp., Sta 

e Lake, N. Y.; vice chairman, 2 year 
Corporation R. E. Power Koppers Co. In 
Pittsburgh ecretary, 1 year, R. L 

Stephenson, U. S. Steel Corp., Mon 

° roeville Pa member executive 

Hubbard, Ohio board, 4 years, EK. Miller, Jr, U.S 


Steel Corp., Gary, Ind 


e EJC Report on Income 


The Engineers Joint Council re 
port of Professional Income of Engi 

Works: nee! 1956, is now available It 
based on figure con piled on about 
. 110,000 engineering graduate em 
Chicago, HI ployed in industry, government, and 
education. The data is presented in 
various graphic and tabular form 
Cleveland, Ohio imilar to the 1953 report, to fi 
tate analysi tatistical comparisor 
Hubbard, Ohio and the development of trends. EJC 
will accept orders for the report, at 
$1.50 per copy. Write to EJC, 29 W 
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tus Kinzel of New : 
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; 
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High-Temperature HOW TO CLOSE LARGE GAS MAINS 


Materials Conference 


eveland Sectior h ligh ! 
perature Material Committe of 
AIME-IMD ha cooperated u il 
ing the technical progran 

to be included are the 


effects of vacuum melting and te 


base alloy refractory metal cel 
et and intermetalli ap type 
material and ceramu 


A fellowship hour followed by 
dinner | cheduled for Tuesday eve 
ning April 16 it vhich time Willy 
La will addre the proup 


Pacific Northwest 
Regional Conference 


Portland ore wil play host tk 
i AIME 1957 Pacific Northwest 
Regional Conference to be held in 
the Multnomah Hotel, April 11 to 13 


Longs the outstanding peake! 


THERMAL 
EXPANSION 


cheduled to addre the conteres 
President-Elect A. B. Kin 
el, vice president of Union Carbide 


& Carbon Corp in charge of re 
earch He will be heard at the ’ 
banquet on Friday, April 12, on the 
ibsect ol Researcl the Neu 


VALVES 


A powertul, completely dependable torce 
of nature— the linear expansion and con- 


traction of steel—is used to open and 


close gas mains equipped with these 


valves. When steam ts applied to three 


Reno Site of Mineral 
Industry Conference 


Co-sponsored t AIME Local Se 
tions in Nevada, Southern Californi 


ind San Francisco, the First Pacific 


sets of tubes they expand to separate 


the flanges, thereby freeing goggle plate 


for swinging to open or closed position 


Designed to protect men and equip 


ment, Bailey Goggle Valves are safe and 


Bailey Mechanical Goggle eflicient On gas washers, blast furnace 
ence lated to be held in Reno or Valves are produced in mains, precipitators and boiler plants 
\pril 5 and 6 diemeters from 6° te 72”. Diameters range from 36” to 120” 
In addition to four technical se 
ior the first da two field trip 
ire planned for April 6. One will be 
to Eagle-Picher Co ind to the open 
pit psum mine and board plant of 
U Gypsu Co. The second trip 


onda 
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The Hotel Carter in Cleveland will ea 
be the cene of a tw day nfer } 
High 1 ture Material j 
ence on igt emperature Wlaterial 
a » | 
April 16-17, sponsored by the AIME 
\ 
\ 
for use at 1500°F in aircraft, mi 
le ind nuclear reactor Amon} 
the material vhict will be di 4 
cu ed cobalt-t il nickel- >, 
i 
G G 
Me tatiurgy af 
The two held trip or the avendu 
> = as 
nelude iv it to the Ore ol Vetal 
rei Cor the Bureau of Mine 
ind a tour of the Portland Owen ’ as 
Those attendin Nave in op 
portunity for ocializit it the cock 
tail party and banquet in the Grand Be 
Ballroom of the Multnomah Hotel 
NG 
at 
Ca copper mine and plant at Weed william company 
Height full schedule of social 
dinner, while the ladies have a treat oe 
store for them in. the form of 1221 BANKSVILLE ROAD 16, PA 
orgasbora incneor 


N.Y. Section Increases 
WAAIME Scholarships 


tte 


Send Coupon For New AIME Directory 


month of June, j concerning the Directory 
Directory wi the coupon appearing 
ai 


ue of the Jazine 


only requisiti 
book ill n the coupor 


and mail AIME, 29 We 
39th St.. New York 18, N. Y 


PLEASE PRINT YOUR 

NAME AND ADDRESS CLEAR 

LY. THIS COUPON WILL 

Directory m t be made w SERVE AS THE ADDRESS LA 

trie coupon Subsequent an BLE FOR YOUR COPY OF 
nouncements will be made THE DIRECTORY 


Use This Coupon To Order Your AIME Directory 


Send 1957 Directory to: 
New Hampshire Site Of Name 
Research Conferences Street Address 
rch Conference City State 


held June 10 to 


or College 


(Print Name and Address Clearly) 


‘ xcept Fri of the progran oO bring expert 


permit up to date on the ik levelop 

or ment to analyze the ignificance of 

ation dl 10 group these development ind to provoke 
associations are formed by uggestions as to underlying 


related field which re and profitable methods of approach 


theort 


ilt in cooperative effort between for making new progre 

fferent laborators The purpose The conference on Chen try and 
Physics of Metal cheduled for July 
8-12, at Kimball Union Acaden will 
feature ‘ ion on visual observa 
tion of dislocation irradiation ef 
fects; and a panel discussion on 
teraction between point 
dislocation A. S. Now 
ence chairman and E 


« chairman 


Conference Theme 
Metal it High Temper 
the theme conterene 
held June 
ton School, under the chairman 
of Nicholas J. Grant John Fry 
« chairmar Some of the ib 
to be discussed are theori 
creep void formation in 


material and in oxidatior 


of dispersion harder 
phase alloy ystem 
Accommodation al 
a limited number of 
tend each conference il 
vho wish to accompany 
band All such reque 
made at the time 


cause these 


gned in 


Dr Robert F Mehl, left, 1s shown receiwing the Grand Medal Le Chatelier, the highest award rite to W. Geors 


given by the French Society of Metallurgy in Paris The presentation was made by Baron Lx pt. of Che 
Walckenoer, naht, president of the Society Prot. Mehl, director of Metals Research Labora Rhode Island 
tory, Carneqie Institute of Technology, was honored tor his three fold contribution. scientific 10. addre 


work. influence on industry and his role as an educator College, Nev 
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- During the but 
rhe 4 ¥ 
LIME Executive Commi new ali-instit thi 
aad ‘ fey of S400 
a be issued. Thi be 
‘ fy f the enw rk 
} t} A of the Inst geographical Company listing the 
| ‘ rie mre for 
records, Feb. 1, 1957 
‘ } ection cl irship 
The Director will be mailed 
tud at held 
‘ etals o1 
pet eu ch f AIME Phe 
rded tor use 
if of these i is thie 
‘ itil i ial to trie and 
thie i] of the Engineet! 
Counes Professional Develop 
the WAAIME, from those applying 
\ugust 30, at Colby Jun| 
London: Ne Hampton 
Hariptor ind Kimball Union 
iden Meriden; all located in Monday through 
This pol ‘ evening 
ed te ilate research a che 
if ‘ tie research Toundatior particy 
mad indust luaboratortie the cor Valuabl 
‘ held morning md evenings ! 
} tilable fot 
| = men to at 
ip} t or further information 
Parks, Director 
istry, Universit of 
Kingston. After June 
ail to Colby Junior 
London, NH 


the Sections 


e The Washington, D. C. Section met 


on March 9 at the Cosmos Club for 
cocktails and dinner. Guest speaker 
va Samuel Epstein, technical ad 


iser to the research department 
Jethelehem Steel Co Bethlehem, 
Pa Mr. Epstein discussed recent 
advance in the metallurgy of steel 

Wives of Section members are in 


vited to join the Woman's Auxiliary 
vhich holds a luncheon and meeting 
the second Tuesday of each month at 
the Broadmoor Hotel 


Detroit Section held a joint 
with the Powder Metals 
Feb. 18, at the Rackham 
Under the direction of 
chairman W. A. Reich, a 


density rela 


The 
neeting 
Group on 


Suilding 
technical 
progran on pre ure 


tionships in the pressing of metal 
powders was held. Guest speaker 
va W. D. Jone director Powder 
Metallurgy Ltd London, England 
Dr. Jone who has traveled exten 


ively in Europe and the U. S. is also 
the author of Powder Metallurgy 
In hi historical approach to the 


ibject, Dr. Jone compared — the 
pressing of metal powder with 
pressing of solid metals, limiting hi 
discussion to the imple ductile ma- 


uch as copper and iron 


St. Louis Section held a joint 
with the NOHC Southwest 
Section on Feb. 8, at the Lennox Ho- 
tel. Guest speaker at the afternoon 


The 


meeting 


‘ ion, Joseph K. Stone Jt dis- 
cussed The Oxygen Converter Proc 
‘ in Steelmaking Operation and 
Economic Mr. Stone netallurgist 
Steel Plant Div Kaise! Engineer 


details of the 
teelmaking im- 


Oakland, Calif pave 


new development in 


ported from Sweden the Kal-Do 
Proce now used by two U.S. com 
pani He tressed the advantage 
of the new system which produce 


high quality steel at lower cost, con- 
trols the retention of carbon in the 
tee] crap iron by use of 
iron ore bath After the 


ember enjoyed 


and ave 
to cool the 
technical session, n 


i cocktail party and dinner 


When the 
on Januar’ 17 
of Technology, guest 


Pittsburgh Section met 
Institute 
peaker wa 


at Carnepic 


W. A. Tiller, of Westinghouse Elec- 
tric Research Laboratoric Dr. Tiller 
addressed the group on the subject 
of Solute Segregation During Solidi- 
fication. A pre-meeting dinner took 
place it the Schenley Restaurant 
ind the $4.00 fee included free drink 
it the cocktall h ul The Section 

Iron & Steel Div vill hold thei 
innual dinner on March 28, at which 
time Dr gruce S. Old, vice presi- 
lent of Arthur D. Little Ine will 
peak on Direct Reduction Processe 
for the Steel Industry. 

(Cont ied Oo pad » 


Dp 


Completely new series of 


STEREOSCOPIC MICROSCOPES 


Outstanding 

Features 

@ True three 
dimensional image 

© Long working 
distance 


@ Reversible, 
inclined body 
@ Large field of view 
@ Durable EPOXY 
finish 
@ Top quality optics 
© Broad selection 
of models 


e LOW PRICE 


Why not make 


that the new 


NEW 
BROCHURE 
JUST OFF THE 
PRESS 

WRITE FOR 
your cory 


brated cylinder. 


ci 


thi 
CYCLOVTK ere 


exact model to meet 


MAGNI-CHANGER 
Desired 


“dialed-in”™ by 


your very need 


het 40 


ow CYCLOPTIC 


the week for you 
offer 


magnifications simply 


rotation of cali- 
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< he 

| 
} 
“= 
di 
you the 
Gait, . Dept P 

Products Plant Keene NOH 

hy 


Personnel Service 


emical engineer 
for plant product 


Engineering Trainees, : 
of +} lepres 

nev rat with at 
tating qualifications 


7 1M AIME 
St New Yorke 18 


——J 


ferrou etals expe! 
know ledge of ind 


Chemist-Analyst, 


pectrograp! 
tor’ 


equipped laboratory 
Location, Brooklyn 


CLEVELAND OPPORTUNITIES 
IN 
RESEARCH AND DEVELOPMENT 
FOR 
MECHANICAL AND METALLURGICAL ENGINEERS 


it you have had professional expericonce and are ready to move int ncreased responsibil 
and opportunit contact u 
BEARING AND FRICTION MATERIALS 

Study phenomena a ciated with moving urfaces r ‘ lop bearings and seals to 
rat n high temperatur cow ve and nuclear 


v 


NUCLEAR REACTOR MATERIALS 


Dev ~» moteral and tabrication methods tor mponents such as fucl ele 


1 ntrol rod 


REFRACTORY MATERIALS 


arch capand tnowlk ige concerning the manufacture 


refractory components tor 
and aircratt power plant applications with emphasis on high tempera 
tallurgy alloys and on the processing of power plant refractory materials 
nter develops new principles and new products tor other units of Clevite 
The # arch Center provides th deal environment tor the engineer because it 
led with the facility juipment and library to provide new knowledge and 
for Clewit Corporation, a « npany wh entire product tine ts in the growth 


nductors, and automotive and aircraft power plants 
WRITE E A GENTRY OR CALL ULSTER 5500 COLLECT 


CLEVITE RESEARCH CENTER 
540 East 105th Street Cleveland 8, Ohio 


METALLURGISTS 


7 YOU... 
Would like to have a part in solving 
interesting research problems 


Would like to feel that your future is 
limited only by your own vision, abil- 
ity, and effort 

Are willing to assume responsibility 


Would like to assist you in such per- 
sonal progress 

Drop a line to 


Russell S. Drum 
Personnel Manager 


BATTELLE INSTITUTE 
Columbus 1, Ohio 


ENGINEERING 
SOCIETIES 
PERSONNEL 
SERVICE, INC. 


New York 
8 West 40th St 


Chicago 
84 East Randolph St 


Detvoit 
100 Farnsworth Ave 


San Francisco 
57 Post St 


This placement service is sponsored by 
the Four Founder Societies for its members 
Why not make use of it? It is operated as 
a non-profit organization Applicants, if 
placed as a result of these listings, agree 
to poy a fee at the rates listed by the 
Service All replies should be addressed 
to the key numbers indicated and mailed 
to the New York office Please enclose 
six cents im postage to cover cost of mail 
ing and return of application 

Two weekly bulletins of engineering po 
sitions open, one covering positions on the 
Pacific Coast and the other covering Mid 
western and East Coast positions, are pub 
lished and each is available to members at 
a subscription rate of $3.50 per quorter 
or $12.00 per annum, and to nonmembers 
at $4.50 per quarter of $14.00 per annum 


PHYSICAL 
METALLURGISTS 


Positions 


Background 
Ary 


nt 


Location 


yt 


1 New H 


The Company 


Send resume to 
Metallurgical Department 
Handy & Harman 


1770 Kings Highway 
Fairfield, Connecticut 
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kee thin gave roll ence wit! ome 
(Continued trow qe 945 De , re ignetic alloy experience 
resume te Sh500 ry te fart $9000 4 ear c) Neil 
| Nill ‘ ent Rlectrica ee Vetallurgist, or Salar open 
fe ntervie ex pense ‘ : Physicist. M or Ph_.D.. with three W 4633 
fis lene atior ‘ ‘ en expe er ‘ in magnets 
Pens lvat W4700 | field His ipervisor’ 
Engineers. 4) Engimeer ement positior ilary to start 
Wet j ipe ‘ elting ‘) ? Si] ‘ Company 
Metallurgut or under Pent W 466 
arch and dev r 
ferrow tal ref 
Thie ecent grad 
traiming qround echanical 
t ty ylary ¢ 
Apply by ther wn en 
ne te 
29 West L, ate Penn vania. W4650 
new 
tu 
wil 
Corpora 
has b 
new pr 
neer for ‘ j met y 
sItv nonferrous base met 
met electr ntact 
powdered metal product 
ming wide vanety of | e met 
advanced degree r plus 2 tft 
ré ror expenence 
physical metatiurgy 
ond laboratory in Fairfield 
near desir lent mmu 
und Convement 1 New York 
j over 
Long established, growing, moder 
ste sized—about 8 
Excellent opportunity 


[his sectional view of the Ship 
pingport pressurized water reactor 


shows the nuclear fuel clements 


developed at the Westinghouse 


Bettis Plant where metallurgists are 
working on challenging problems to 
develop a variety of reactor alloys 

One such problem ts to find ura 
nium alloys which are corrosion i 
sistant to high temperature water 
lo provide corrosion protection in 
the reactors built to date, fucl ele 
ments have been clad with new 
virconium alloys which were first 
commercially produced and devel 
oped at Bettts Plant. Metallurgists 
are also working to find uranium 
alloy fuel elements that have a low 
neutron capture Cross section and 
will remain stable under irradiation 
Ihe development of new illoys for 
nuclear reactors is but on phase 
of the metallurgical researe h and 
development) going on in Bettis 
Plant laboratories 

The era of nuclear power ts com 


inv of age. The useful advancement 


of atomic energy depends upon the 


creativity of qualitte d personne | 
Bettis Plant offers challenging op- 
portunities for metallurgists interested 
in a career in the expanding industry 
of nuclear power. 
If vouare an outstanding young met 
allurvist, interested in advanced degree 


study. write today for a descriptive bro- 
chure which outlines the details of our 
unique doctoral fellowship program. 

Please address resumes to: Mr. M. 
J. Downey, Westinghouse Bettis Plant, 
Dept. A-143, P. O. Box 146K, Pitts- 
burgh 30, Pennsylvania. 
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Onder Your 


1956 BLAST FURNACE PROCEEDINGS VOL. 15 


The Proceedings of the 1956 Conference of the Blast Furnace, Coke Oven, 
and Kaw Materials Committee, Iron and Steel Division, AIME, can be purchased 
by those unable to attend the Conference held in Cincinnati, April 9-11, 1956. 


Use the convenient order form below. 


Several volumes of recent Conferences are still in stock, and can also be pur- 


chased. 


Furnace Perlormance 


The New High Grode 


| AIME 29 W 39th St. New York 18 N Y 


Please send me a copy of the 1956 Blast Furnace Pro 
ceedings | also wish to purchase Proceedings for the 
foll pwing ( nterences 

1955 (‘Vol 14 

1954 (Vol 13 

1953 (Vol 12 

1952 ‘Vol 11 

1951 ‘Vol 10 
Enclosed « Check Money Order for $ 


AIME members may be billed 


Nome 
Address 


City and Zone State 


Nenmember Poretan Order, Add We fer Malling 
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Stee! Company 


The Lurg Sintering Piant of the 4 
of The Stee! Company of Wales Limited— Des 


Ore Preparation Plant 


Weirton's New Eight Foot Wide tron-Ore 


Burdening a Blast Furnace 
Comparison of Blast Furnace 


Application of Theoretical Principles 
Desulphurization with Calcium 
Desuiphurization of Molten tron 

Desulphurization of Blast Furnace 


Pilot-Scale Coke Ovens 

New Pressure Recording 

Study of Pressure Relationships 

Low Fuel Rates Obtained with Three Foot Blast Furnace Using Prepared 
‘ ‘ 


Reaction Zones im the tron Ore Sintering Process 


of Flue 


Methods for Increasing Production Rate 
ntrotes at Extaca 


Sintering tron Ores ond Conce 


Sizing and Sintering of Ores 


Design and Operation of No 3 Sinter Strand at Jones and Laughiin's Benson Mines 


Sintering Plant 


Blast Furnace Operations 
Operating Experiences with High Beneticrated Burdens 
tron Ores and Agglome« 
Costs 
Penetration with Model Studies 


to Desulphurizotion 
Hot Metal Ladies 


Coal and Coke 
Development and Operation 


a! Cob Ovens 


Sintering Investigations Using Factorial Design Experiments 


Price: 


of Canoda 


rates and Their Effect on Coke Rates 


Dust Sinter 


These valuable papers were presented at the 1956 Conference: 


Desulphurization of Hot Metal 


Iron and Stee Making 


with Injected Calcium Carbide 


Research and Development on Sintering 
JOURNAL 


METALS Award Paper 


$ 10.00 


AIME Members: $ 7.00 


gn, Operation, and Effect on Blast 


Ores and Coke-Anthracite Mixtures 


See 
“g 
Ny whor t ‘ 
Ry hn Grifte 
W oe ha 
n and Farley 


A 16 mm sound movie of 10-min 
duration on maintenance welding 
operations at Thule Air Base, Green- 
land, is now available. The film de- 
picts special welding techniques and 
procedures necessary to overcome 
tremendous maintenance problems 
in this remote spot, 900 miles from 
the North Pole, where 30° to 40° 
subzero temperatures and 100 mph 
winds are regularly encountered ob- 
stacles. Cold Welding is available 
on a free loan basis and may be 
reserved by writing to Technical In 
formation Service, Eutectu Welding 
Alloys Corp., 40-40 172nd St., Flush 


e The Black Hills Section has an 
nounced the commiuttes for 1957 
ippointed by chairman Alexander 
McHugh at the Section meeting on 
January 10 They ie i follow 

tudent director, Paul Gri men 
ittes 


Jacob 


on, chairman, and Paul Anderson 
program committee, Roger Madsen 
chairman, and A. L. Lindgard, and 
R. Keith Collin 


A New Look at the Nature of 
the Open-Hearth Process by 
B. M. Larsen, research super 
\ or, U S Steel Corp ha 
been published in book form 
by the AIME National Open 
Hearth Steel 

Mr. Larsen has endeavored to 
give a unified anal is of the 
open-hearth proce n relation 
to the factor that control 
peed and fuel efficiency. Rate 
of heat flow in the bath, rate 
of carbon oxidatior and net 
heat requirement fron fuel in 
relation to the amount of au 
oxidation fron preheated or 
leakage air, are treated quanti 
tativel Mechanisn of down 
ward heat flow and of carbon 
oxidation in the bath indicate 
the probable effect of exce 
available immediatels 
above the irface, on in 
creased absorption of oxvgen 
from the gas phase 

The analy ndicates that 
fuel consumption might be re 
duced to about two million Btu 


per ton vitt i charge-to-tap 


time of about five hour per 
heat if maximun idvantage 
can be taker of the mainte 

nance of i! act ‘ boiling 


bath with a supply of preheat 


ed air above the needs of fuel 
combustior pr ble ! 
a tignt te vith maximun 
regenerative efficiency 

are available fron 
the Book Dept AIME, 29 W 
9th St.. New York 18, N. Y 
The price of the book is $3.00 
Special price for AIME men 
bers is $2.00 


Process observation, alloy additions, pouring, temperature 


and pressure readings, high frequency control, valve se 


quencing all focus around one center of operation 


Small but versatile 


a high-vacuum furnace 
for lab and pilot plant 


) 


tage diffu 


ChC's 5 to 50 pound melting and Ample pumping: A 


asting turnace olfes on-cjyector pumy brings the system 


wittly to the low micron Hg pr 


Three-way casting: Vielts of 5, 12 


’ 30, or 50 pounds can be cast in ure range, with plenty of reserve 
ipacity for pressur urge from 
ingl or multiple mold or centrif 
pourine 
Ease of materials handling: (|! Write for mlustrated bulletin No 
parts of the furnace intertor are with 4-40 that list omplete specitica 
in arm reach. The ol angle trons, ac ort and desten feature 
flang onnecting the chamber se of this remarkably versatile turnac 


ton provid 


unusual vertical cleat 


im for removing mold 


with a cran A deep mold w Il pro 


vides 33” under the crucibl lip for 


pouring Dat type ingot 


Complete controls: A manual brid ye 


breaker a mbly is combined with 


i water-cool nonfogeing sipht 


tube for optical pyrometry. A sam 


levi and a thermocouple 


at tandard a ori 


Interlocking of th pneumatic va 


uum line valves makes for safe and 


Ih mold well 1 water-cool 


Oper furnace shows crucible and coil as 


Electric feedthroughs are provided 


sembly. Mold chamber has deep well and 
for mold heating optional) indesed table for multiple molds 


Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 


formerly Consolidated Vacuum 


NATIONWIDE COMPANY-OWNED SALES AND SERVICE Orrices 
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AIME, 29 W 39th St. New York 18, N Y 


A New Look at the Nature 
ef the Open-Hearth Process 


Please send me o copy: 


Enclosed is Check | |, Money Order [{ } for $ 
(AIME members moy be billed ) 

Nome 

Address 

City ond Zone Stote 


Nenmember Foreign Order, Add 50¢ for Mailing 


Avatlalle --- 
| AN 
/ Yow OPEN. HEA 
RTH PROCESS 
by 
tansen, 
Supe 
ALXXME 
con! NA TONAL OPEN HEAR 
TH STE 
EL COM 
IRON AND STEE; DIVISION 
\ 
American 
\ 
arr’ 


News From Field of Education: 
PERSONALS 


Scholarships and Courses 


James T. MeMullan resigned hi 


position vill \tla Copco Fastern 


Inc., Paterson, N. J., and is now sale 
representative for Brunner & Lay 
Ir Franklin Park, Il! 


Cornell Summer Course Lead Industries Offer Max J. Kennard has been named 


chief engineer, Engineering and Con 


The Cornell Summer laborator, 


hniques and apphea- Fellowship in Ceramics truction Southwestern 


neering Co., La Angele He had 


‘ ir te | 
the pe wi The Lead Industri« \ pon been vice pre ident in charge of sale 
physic Thi ment of Ceramic Engineering, Uni Reduction Co., Salt Lake City 
versity of Illino! for the academu 
offered primarily for workers in the year 1957-1958. The work, research Robert G. Moss has left International 


fields of physics, chemistry and met o an vill be unde Harvester Co., Melrose Park, IIL, to 


\ OI Tor VOrKe in the direction of Prof Andrew om Westinghouse \tomi Powe! 
the biological sciences is scheduled head of the department Div Jettis Plant, Pittsburgh, a 
for 1908 The current interest in the low quality control engineer, He recent 
The course designed to provide temperature firing characteristi of ly received a BS. degree in metal 
i! ntensive irvey of basic theory ceramit made vith lead. ha mot lurgical engineering fron Illinor 
ind interpretat ree of result Reg vated thi action by the lead indu Institute of Technolog) 
tratior limited to a small group to : 
trv whict made a milar pgrant 
i ire ample facilitie for each stu t} Sc} ‘Cc Sherrill G. Swenson completed 
re \ wool oO el mi 
lent to pursue laboratory york In ‘ ! tudie if thie soutl Dakota 
pecial heid The course un Mine nd ‘Technoloy 
ler the direction of Professor B. M Rapid City, S. D. and ne tI 
egel, and furthe inquire hould the Bethlehem Pacific Coast Steel 
he addre ed to hi it the Dept of Ceramic Engineering Corp Vernon, Calif where he 
ker neering P} ‘ Cornell Uni etallurgical supervisor for produe 


tion of wire product 


ersity, Ithaca, N. ¥ Scholarship Increased 


Elmer Tvyeter, head of The Dow 


Carnegie Scholarships The first scholarship-loar fund for Chemical Co Minin Bangg we 


tudents of ceramic engineer) ‘ 


Carnegie Institute of Technolo tablished 1955 at the Missouri School lurgical Section, has been tran 
opportuniti for of Mine & Metallur Rolla. Me ferred to M dland Mich, from Pitt 
tudy ar ‘ irch in the College of has received an additional gift fron burg, Calif. Also me to the Midland 
Engincering ma leading to donot J. 8. Arthur and famil The tall are Robert Kuchinic, formic 
M.S ind Ph.D lepres in the fol fund. named in their honor. is in the research issistant Penn Ivana 
lowing field chemical engineering f n of stock in Me) Refract state Universit ind Harry Moulton, 

fort ot ock in Refractor 
enemisti civil, electrical, mechani Co of which Mr. Arthur i pre VhO Was a metallury t with Conti 


j ‘ or un 
i) and metallurgical engineering ient. His recent contribution of 400 n tal Uranium Ce rand Junetion 


George V. Bulin, Jr 
sow i hare wecipiel of Dept. of Geolos it the Universit 


il re} t ts! i 
ind researc! i il hip ine cholatr hip mu it thei Minnesota. Minne 


James F. Peters, 


to a tudent n al race uperintendent at Inland 


t t collepe he forn ( KE Chicago. Ind has a consult 


‘ a tipend of agg plu NYU Lecture Program ne practice in Delray Beach, Fla 


Kobert Sanden with Electro 


year and S100 plus tation for Vacuum Metallurgy ke Bul 


the second yea Half-time assistant 
receive $1500 plu tuition, the first Phe Yew York Universit College 4 Y. He had been a tant research 
vear; $1600 plus tuition the econd of Engineer vill conduct a pro etallurgist for the Hanna Coal & 


Ore Corp.,, Hibbing, Mins 


there are allurgy June 10-14. ts fror 
0. V. Tally has been appointed mat 


i ible full-time to graduate the I : and abroad | diseu 
at thie Washi tor j trict 
tudents for the summer mont) Jumping therm d 
te Lilis-Chalm Manufacturing Cr 
(Csraduate fellows! ) ipported ‘ ae 
PI member of the firn nee 
itside agence nd special Ir igns and operation of are and wu 


of the Industries Grouy 


fror S1200-S2500 in addition to tu ipplicat or oft wuu proce ed 

t de aterial Brian P. Canning lant meta 
tment of the College to out The course pen to persor with American Smeltis Refiy 


tanding d te, eneral j ru hy ( id Silver Bell Ariz 


K. Blazewiez has conclu 
) it Bisichi Tin Co. in N 
Research Center, Petroleum, Metal College of Engineering, Univers Patricl 


j ry Charles W. Schlotter 
Institut f Techr r Pittsburgh Office of Spe il ervice to Bu er neer, W H. Taylor & Co. In 


Pa 
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THIRD VOLUME 


ON 


NUCLEAR METALLURGY 


All the Papers at a Symposium 
on the Effects of Radiation on Metals 


Conducted by 


INSTITUTE OF METALS DIVISION 


AMERICAN INSTITUTE OF 
MINING, METALLURGICAL, AND PETROLEUM ENGINEERS, INC. 


October 8 1956 


(AIME IMD Fall Meeting, Hotel Carter, Cleveland, Ohio) 


Theory and Mechanism of Radiation Effects in Metals by George H. Vineyard 
Irradiation Effects on Physical Metallurgical Processes by Donald E. Thomas 


Irradiation Effects in Reactor Materials by Douglas S. Billington 


Price: $3.75 
(AIME Members: $2.50) 


AIME. 29 W 39th St. New York 18 NY 


Please send me a copy of Nuclear Metallurgy (Vol Ill 
The second volume containing six papers 


Enclosed 1s Check Money Order for $ presented at the Nuclear Metallurgy Sym 
AIME members may be billed posium of the Institute of Metals Division, 
AIME Annual Meeting, New York, February 
20, 1956, also can be ordered by mail 


Nome 
The first volume on “Nuclear Metallurgy’ 


Address 1s out of print 


City and Zone State 


Nenmember Foreign Order, Add S0¢ for Mailing 
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Personals 


(Continued from page 623 
D. R. Mathews, chairman of AIME 
NOHC, has been promoted to gen 
eral manage primary production 
Steel Co., Consho 
nocken a. He had been open hearth 
uperintendent 


William M. Phillips of the Eimeco 
Corp., has been promoted fror ale 
enginee! to assistant manage! 


outhern district, Birminghan 


Philip L. Rittenhouse, of the Unive: 

ity of Tennessee, has recently been 
appointed to the taff of Oak Ridge 
National Laboratory, an atomic en 
ergy installation operated by Union 
Carbide Nuclear Co 


Herbert A. Ball has transferred from 
Olin Industrie E. Alton, IIL, where 
he was quality control superinten 
dent, to Olin Mathieson Chemical 


Corp., New Haven, Conn 


An 18-ft. all. SHAMVA roof laid up for a 50-ton electric furnace melting alloy steels 
George A. Deitz, metallurgical engi 
neer at Kaiser Aluminum & Chem) 

il Corp., has been transferred from 
Trentwood Works, Spokane, to the 
Rave wood Work in W Va 


In electric furnace operations 


SHAMVA MULLITE GIVES 
YOU OUTSTANDING SERVICE 


“Shamva” Electric Furnace Roof Brick is a coarse and open type 
refractory, giving you the extreme spalling resistance necessary in top 


charge electric furnace roofs. 


t (3335 

(over 3000 F.) 

n (3.66 x 10° per °C.) 
S.T_M. test) 


K. K. Ikeuye, Jr. has resigned a 
metallurgist for the Institute for 
the Study of Metals, Chicago to 
cept a po ition with the Atomi 
ergy Div., American Standards A 
Redwood City. Calif 


William Youdelis has been appointed 
to the Dept. of Metallurgical Engi 
neering MeGill University Mon 
treal, Canada 


@ High fusion pon 
@ High softening point 


ient of expansto 
at 3000°F. Preheat, A. 


Altred A. Hendrickson has joined 
Michigan College of Mining and 
rechnology, Houghton, Mich., as a 
tant professor of metallurgy. He 
was former! physical metallurgist 


\mpeco Metal Inc., Milwaukee 


a Low 


Clarence E. Jackson has left Electro (0.7% 


Metallurgical Co Niagara Fall 


N. Y.. for Linde Air Product 
ark, N. J con 
ions of Union Carbide and ( 

bon Corp 


Shiro Kohara, formerly at 

versity of Illinoi Urbana 
returned to Japan, where he 
on the taff of the Institute 
ence and Technolo Univ 
Pokyo 


Robert F. Doelling has been 
from active duty in the } 
now with St. Joseph Le: 
River, Mo., with wth 


merly associated 


men 


M. T. Simnad has joined the 
Div General Dynat 


‘ 


are 


‘al 


@ Anti-spalling 
etrength (—3.1%%, 
load bearing strenge 
° 25 S.T.M. test) 
tconductwity for greater furnace efficuen 
rat CO 


Lowh 


With “Shamva”’ Mullite Brick, roof life and production increase, 
down time and labor costs decrease 
Let our field engineers assist in your refractory installation 


Mullite Works, 
Laclede-Christy Division, 

H. K. Porter Company, Inc., 
Shelton, Conn. 


Distributors in principal cities 


MULLITE WORKS 


LACLEDE-CHRISTY DIVISION 
- K. PORTER COMPANY, INC. 
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fore 
mor 
he Uni 
| ll ha 
is now ee 
of Sei 
rsity of 
released 
and 
k lat 
was fol 
General 
Ynamic 
Corp., San Diego. He had formerty Ce 
been a research associate in the Bee 
Metal! Research Laboratory, Carne abe 
gie Institute of Technology, Pitt oe 
H 


Bernard Hirst | cepted a positior 


G He pe 

th. mit 

t Ga G ‘ 
Electric Co., ( nnat 


Keonne ott Copper Cory Utal 
Refine Garfie Utah. to the 
tt } Cente ilt 
| ‘ ("\? ere ‘ } 


B M. LARSEN 


Kenneth W. Palmer hia become 
tech i] director, Hartford Electric 


KB. Hall been clected teel Corp., Conn. He had formerly B. M. Larsen, formerly research su 


William 


! era inayer of been chief metallurgist at Pratt & pervisor vith U 5. Steel Cory 
( j on of Letchwortl Buffalo, N. Keart N. J now employed 
t the i the Cc Bain Laborato: for 
> i 
A. D. Gate, forme: yroce director 
Kichard ©. Cole, o taunt per Fundamental Research, Monroeville 
‘ ‘ pre lent Or} Can Pa 
} ‘ heer tech 
ed 
i lirector of th Bever!] Plant George Dubpernell, former manavet 
ea Interlake Iron Cory Bever Ohio Waterbury Laboratori United 
bie i on 
itt Ine W ite rt ury Cor n 
the previou ‘ ed Paul Dick he the tall of transf i to Detroit 
j ( ( has taker i as technical advisor 
) nnay ned i pl il metallur t aft Met 
1 1 tre nkf nal, Philadelphia 
‘ Ref William H. Lenz has accepted a po 
ition a upervising pny cal etal 
{ ‘ teal rif 
| t il t with USBM, Reno, Nev. He 
id been metallurgical director, Pet 
o Im Chicago 
Kobert J. Townsend enrolled us 


Henry W. Cooper is with Bell Tel 
phone Laboratorie Murra Hill 
N. J 


bverett Belter current ‘ 
DY Hechter: Pra Marry E. Orr has been promoted t 
commercial vice president at Vana 
Cory of merica. Pittsbu } 
Bernard A. Moser | ed He had 
le 4 W ‘ ‘ 
int ce re lent in charge of sale 
‘ batt lie, Pa., t 
Peter O. Kirchhoff, form. eta 
cal ree it Bal cr 
W if x iVel k il Pa na 
Mario Signora re ed} pe 
bear ippointed technical i l int 
K NEUSTAETTER to the steel mill superintendent 


a Kurt Neustaetter has been promoted Franklin H. Wilson has advanced to 


iper tendent Pla ! No ust researcn etallurs The \ erical 
Fu Inland tee! Ce KE. Cc} Brass Co., Waterbury, Conn. He had 
| a then i taunt ten il i tant the esearct 
G. Jennings f f 
tendent il itor 
Met here ‘ 
president, to Ingot Met Arthur Herbener | oined Electre J. B. Follansbee, Jr. has been pr 
( | t new Metallurgical Ce iles represel oted to sales engineer at the Penr 
t t office He id bes employed bu Pa 
Phomas L. Altschuler, lesipt Vanadiu Corp. of America a 
prnent cer, col product engines Gail L. Stroppel is works mana 
Laborator Ihe Sawbrook Stee Castir Ce 
( on, N. J Andrew H. i arson has completed h Cincinnat 
ery ed | General Electru miilitar el e and present 
thre vc 1 eleetror raduate tudent at the Missou C. A. Brassert, formerly president of 
te It} N.Y whool of Mine ind Metallurs The Standard Boil & Plate Iror 
na ‘ pre lent Fleet 


Frank &. Binns | epted a jot Carl B. Post, formerly chief metal Universal Corp., Pittsburg! 


Glenn L. Mart ( Baltimore. Ee Readit P now e president Edsel E. Bishop has been appointed 
‘ teal | ind te firect the con nave of product develo, ‘ t at 
Force paar W yvekoff Steel C Ambridge, P 
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} ©. A. Zeldin ed 
3 
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‘ 
N.S. Covacevich now a tant 
kad Mexico City, Mexico. He 
that city 


K 
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REINSTATEMENT 


Walter C. Haus Mi mber 1953) died 
} ¢ 9 CHANGE OF STATES Junior Member 
February 3 1957 He Wa born on r is J. Ferree. De 
May 2, 1889, in Sharor Pa Fron Associate to Member 
] ] este este KEINSTATEMENT CHANGE OF STATE 
eastern ale manager of tee! 1 Gilke j Junior to Member 
lant equipment in the Blaw-Knox ' W Glaser, I ew 1, OF 1 WR Me New ¥ 


Div., the Blaw-Knox Co., Pittsburgh 


PROFESSIONAL SERVICES 


NECROLOGY 


Dat Date of 
each: Wates meath Limited to AIME members, or to companies that have at least one AIME member on 


1917 D Ave letobe 195¢ their stafts. Rates $40 per year per inch 


La tH ALLOY METAL PRODUCTS, INC H. L. TALBOT 
1957 Consultants Consulting Metallurgical Engineer 


Metallurgical by product rag -xtraction and Refining of Base Metals 
1 waste utilizatior pecializing in Cobalt and Copper 


Rockingham Rood Davenport, lowa Room 330, 64 State St, Boston 9, Mass 


6 MAX STERN OR. £. TSUTSUMI 


F. A. Vandestrich Uni Consulting Engineer Registered Japanese Patent Attorney & 
ted ect t f Consulting Engineer 


PATEN MA TES handle 


ted tr 


vie Ip 


10 East 40th St New York 16,N. Y Central P.O Box 1545 Tokyo, Japan 


MEMBERSHIP 


Proposed f Membership 
Met et AIME 


ADMISSIONS COMMITTEE 


Ready Serve 


those industries and companies which have set 


Cha 4 kley, Ore their sights on the profitable possibilities in the nuclear 
rles A st, chemistry field, the Davison Chemical Co. has con- 
City, solidated its operations in THORIUM AND RARE 
Donald Larsen, Cedar City, Utah EARTHS CHEMICALS. 

Bruce D. Mull, Hoyt Lakes, Min Two plants, one at Pompton Plains, N. J. (formerly 
Rare Earths, Inc.) and one at Baltimore, Md. are in 
G. ion, Aris. operation. Your inquiries Concerning our products 

etown and services are welcomed. 


DAVISON CHEMICAL COMPANY 


poy tg Fg LN. ag Baltimore 3, Md. and Box 488 Pompton Plains, N. J. 
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Lectromelt 


by agreement with 
Demag-Elektrometallurgie, G. m. b. H. 


Duisburg, Germany 


is pleased to announce that they now have 


the exclusive license in the 
United States and Canada for the 


ufacture of 
DEMAG ELECTRIC SMELTING FURNACES 
for all smelting, 
repin ing and reduction operations 


You are invited to send requests for 


engineering service or product information to 


LECTROMELT FURNACE DIVISION 
Mc Graw-Edison Company 


326 32nd Street + Pittsburgh 30, Pennsylvania 
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MAKE EVERY 


HEAT 


with RECARB-X 
for the ladle 


FAST CORRECTION FOR OFF-CARBON HEATS — « convenient 50- 
pound bag of RECARB-X tossed into the ladle will give two points of carbon pick-up 
per 100-tons of steel. 


REDUCED LADLE REACTION — rECARB-X does not cause churning, boiling 
or other violent ladle reactions. It avoids oxidation of alloys and temperature losses by 
dissolving quickly and quietly. 


IDEAL FOR QUALITY STEEL — recars-x is consistently efficient at all 


carbon levels . . . effective in maintaining maximum rimming action on all high carbon 
rimmed heats . . . ideal for close carbon specifications. 


HELPS THE MELTER — recars-x added to the ladle will insure carbon speci- 


fications. RECARB-X gives the melter time to finish all heats to proper S, Mn, P, etc. 
specifications . . . and to tap at the best temperature. 


SAFE — no odor or flames to hurt workmen or damage equipment. Light 50-pound 
bag is easy to toss into the ladle. 


ECONOMICAL — rECARB-xX is a profit-making in- 


vestment. Keep your mill schedule. Put more heats into 
the soaking pit at exact carbon specifications. Make every 
heat count with RECARB-X. 


Write for the RECARB-X bulletin today. Get the full 
facts and arrange a test... we will be happy to cooperate. 
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THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION « SAGINAW MICHIGAN 
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